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Abstract 
Spectrum is a natural and limited resource that needs to be managed both internationally and 
nationally because of the unique propagation characteristics of radio waves. Once transmitted, a 
radio signal propagates until its power is depleted. Furthermore, electromagnetic energy does not 
recognize borders between countries. Spectrum is administered internationally by the International 
Telecommunication Union (ITU). The Radio Regulations (RR) is an international treaty that 
provides international guidelines on spectrum management to keep interference manageable by 
allocating spectrum to services internationally. Spectrum assignment for the provision of rights to 
use frequency is carried out nationally by the National Regulatory Authority (NRA). Three typical 
approaches to spectrum assignment are command-and-control, market-based, and spectrum 
commons. 
The purpose of this thesis is to study the implementation of spectrum commons in Thailand, 
including the consequences of spectrum commons allocation on the RR at WRC, the 
transformation of international regulation into national regulation for spectrum commons in 
Thailand, and the implementation of spectrum commons as national regulation in Thailand. 
The results of this study illustrate 1) the development of spectrum commons allocation in the RR 
via the decision-making process at WRC, including WRC agenda setting and the study process for 
WRC-12 Agenda Items 1.19 and 1.22; 2) the transformation of international regulation for 
spectrum commons in terms of the definition of industrial, scientific, and medical (ISM) 
application, footnotes 5.138 and 5.150, frequency bands in the table of frequency allocation (TFA) 
into national regulation as the NBTC regulation, including the Thai TFA, footnotes, and 
frequency bands; and 3) the implementation of spectrum commons in Thailand, including the 
authorization of spectrum commons and the exemption of radiocommunication devices as 
unlicensed.  
The study uses the institutional analysis and development (IAD) framework to understand the 
decision-making process at WRC via the WRC agenda setting and study process for WRC-12 
Agenda Items 1.19 and 1.22. However, the IAD framework only provides a list of questions that 
should be considered, not the detailed content regarding the implementation of spectrum 
commons. Moreover, the study illustrates the transformation of international regulation into 
national regulation in terms of a world of actions: constitution-choice, collective-choice, and 
operational level. Furthermore, the IAD framework assists in understanding the bundles of rights 
to use frequency for spectrum commons. 
To implement spectrum commons regulation, an understanding of the RR at international level 
helps in local implementation at national level. The timely transfer of international to national 
regulation provides opportunities to benefit from device innovation and technological 
advancement. Once economies of scale are achieved, the general public benefits from the 
reasonable price of devices. As it is not a manufacturing country of such devices, Thailand should 
follow spectrum commons regulation and prepare national regulation changes in order to gain the 
benefits of spectrum commons by relaxing regulatory restrictions as much as possible. 
 
Keywords: Radio Regulations (RR), World Radiocommunication Conference (WRC), institutional 
analysis and development (IAD) framework, spectrum commons, spectrum management, 
spectrum allocation, spectrum assignment 
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Chapter 1 Introduction 
This study is about the implementation of spectrum commons in Thailand, including the 
consequences of spectrum commons allocation on the Radio Regulations (RR) at the World 
Radiocommunication Conference (WRC), the transformation of international regulation into 
national regulation for spectrum commons in Thailand, and the implementation of spectrum 
commons as national regulation in Thailand. 
1.1 Background 
Spectrum is a natural and limited resource that requires both an international and national 
approach because of its characteristics of propagation. Once transmitted, it propagates until 
the power runs out and it does not recognize borders between countries.  
For spectrum to be administered internationally by the International Telecommunication 
Union (ITU), the international treaty, the RR, provides the guidelines on spectrum 
management to keep interference manageable through service allocation and allotment of 
spectrum with the relevant constraints.  
ITU uses the RR as a tool to manage spectrum internationally. The ITU allocates spectrum to 
radiocommunication services with particular frequency bands. Radiocommunication services, 
in short, services, represent the purpose of frequency uses. There are more than 40 services 
currently in use in RR2012. The individual frequency bands are defined by the start and stop 
frequencies. The start and stop frequencies represent the allowable edges of the frequency to 
be used for specified services.  
The RR is revised every three to four years via the World Radiocommunication Conference 
(WRC). The current RR is RR2012, which was revised by WRC-12. RR2012 defines usable 
frequency up to 3,000 GHz and divides the frequency use into services, including terrestrial 
and space services such as broadcasting, mobile, satellite, maritime, aeronautical, fixed, and 
earth exploration. All the services can share frequency bands, although sharing requires 
services to be designated as primary or secondary. The table of frequency allocation (TFA) 
contains both primary (printed in “capitals,” e.g., FIXED) and secondary (printed in “normal 
characters,” e.g., Mobile) services. Secondary services must not interfere with primary 




The RR divides the world into three regions. Region 1 covers the European and African 
continents, Region 2 covers North America and South America, and Region 3 covers Asia 
and Australasia. The RR2012 regions are shown in Figure 1.
2
  
A frequency allocated in one region can be used in others: re-use of frequency. For example, 
frequency band A is allocated to Region 3 but can be re-used in Region 1 or 2 for the same or 
different services. 
                                                            
1 5.23-5.32, Article 5, Radio Regulations 
2 Information obtained from 5.2-5.9, Article 5, Radio Regulations (2012)  
2 
Re-use of frequency has an indirect relationship with coverage area. A large coverage area has 
a low re-use of frequency, while a small coverage area has a high re-use of frequency. 
Spectrum re-use characteristics vary by service, frequency, location, time, and transmitting 
power. 
 
Figure 1. Regions in Radio Regulations 2012 
Frequencies are further divided into bands. Their characteristics have an inverse relationship 
to wavelengths. A wavelength equals its speed of propagation (normally that of light) divided 
by its frequency (λ = c/f). Each frequency band has its own propagation characteristics, such 
as sea-surface communication, stratospheric scattering, and long-range communication. 
Table 1 shows the TFA for the 1 710-2 170 MHz band, the global as well as the regional 
allocations captured from RR2012. The purpose of the TFA is to provide an overview of the 
use of frequency bands by service with the relevant regulations, including services, frequency 
bands, and footnotes. The functions of the TFA are similar to a map that provides an overview 
of the RR. 
Regions and frequency bands 
Within the TFA, the main components are regions, frequency bands, services, and footnotes. 
When a frequency allocation has the same frequency band (the same start and stop 
frequencies) for three regions, it is called a global or worldwide allocation. For example, 
Table 1 shows the frequency band 1 710-1 930 MHz, which is a global allocation. However, 
the frequency band 1 930-1 970 MHz is allocated differently to Regions 1, 2, and 3. These 
three allocations are regional allocations. 
Services 
Within each frequency band, services are allocated as either primary or secondary. For 
example, in the 1 970-1 980 MHz band, the fixed and mobile services are allocated as primary 
services. 
3 
Table 1. Table of Frequency Allocation, 1 710-2 170 MHz 
For the 2 120-2 160 MHz band in Regions 1 and 3, there are fixed and mobile services on a 
primary basis. 
For the 2 120-2 160 MHz band in Region 2, there are fixed and mobile services on a primary 
basis and mobile-satellite (space-to-Earth) services on a secondary basis. 
Allocation to services 
Region 1 Region 2 Region 3 
1 710-1 930 FIXED 
 MOBILE  5.384A  5.388A  5.388B 
 5.149  5.341  5.385  5.386  5.387  5.388 
1 930-1 970 
FIXED 
MOBILE  5.388A  5.388B 
1 930-1 970 
FIXED 
MOBILE  5.388A  5.388B 
Mobile-satellite (Earth-to-space) 
1 930-1 970 
FIXED 
MOBILE  5.388A  5.388B 
5.388 5.388 5.388 
1 970-1 980 FIXED 
    MOBILE  5.388A  5.388B 
    5.388 
1 980-2 010 FIXED 
    MOBILE 
    MOBILE-SATELLITE (Earth-to-space)  5.351A 
    5.388  5.389A  5.389B  5.389F 
2 010-2 025 
FIXED 











5.388  5.389C  5.389E 
2 010-2 025 
FIXED 





2 025-2 110 SPACE OPERATION (Earth-to-space) (space-to-space) 
    EARTH EXPLORATION-SATELLITE (Earth-to-space) (space-to-space) 
    FIXED 
    MOBILE  5.391 
    SPACE RESEARCH (Earth-to-space) (space-to-space) 
    5.392 
2 110-2 120 FIXED 
    MOBILE  5.388A  5.388B 
    SPACE RESEARCH (deep space) (Earth-to-space) 
    5.388 
2 120-2 160 
FIXED 
MOBILE  5.388A  5.388B 
2 120-2 160 
FIXED 
MOBILE  5.388A  5.388B 
Mobile-satellite (space-to-Earth) 
2 120-2 160 
FIXED 
MOBILE  5.388A  5.388B 
5.388 5.388 5.388 
2 160-2 170 
FIXED 











5.388  5.389C  5.389E 
2 160-2 170 
FIXED 







ITU Member States generally use footnotes to make their reservation for applying the 
provisions of the RR. The footnotes contained in the TFA can be used in several situations, 
including for the status of services (on a primary or secondary basis), additional allocation, 
alternative allocation, and miscellaneous provisions.  
Apart from “capitals” and “normal characters” in the TFA, footnotes can indicate the priority 
of services. For example, footnote 5.385 indicates that the 1 718.8-1 722.2 MHz band is 
allocated for radio astronomy service on a secondary basis for spectral line observations.
3
 
The additional allocation footnote has the same service as indicated in the TFA, but in an area 
smaller than the region. For instance, footnote 5.386 is allocated to the 1 750-1 850 band for 
space operation (Earth-to-space) and space research (Earth-to-space) services in Region 2, in 
Australia, Guam, India, Indonesia, and Japan on a primary basis.
4
 
The alternative allocation footnote replaces the service indicated in the TFA, but in an area 
smaller than the region. For example, footnote 5.315 is allocated to the 790-838 MHz band 
for broadcasting service on a primary basis in Greece, Italy, and Tunisia.
5
 
The miscellaneous provision footnote represents specific operational constraints, such as 
footnote 5.388 in the 1 885-2 025 MHz and 2 110-2 200 MHz bands, which provides 
International Mobile Telecommunications (IMT) on condition that these bands do not 
preclude use by other services to which they are allocated.
6
 
Footnotes can also be used for a particular service, in which case they are located next to the 
service, or the entire frequency band, when they are placed at the bottom of the band, as 
indicated in the TFA. The band footnote is applied to all services allocated in this band. For 
example, in the 2 025-2 110 MHz band, the use of mobile service has the specific footnote 
5.391. The band footnote is 5.392 and it applies to all services in this band, including space 
operation, Earth exploration-satellite, fixed, mobile, and space research services. 
In Regions 1 and 3, the 2 120-2 160 MHz band has two specific footnotes for mobile service: 
5.388A and 5.388B. The fixed service is allocated on a primary basis and does not have a 
specific footnote. Footnote 5.388 is applied to both fixed and mobile services as a band 
footnote. 
In Region 2, the 2 120-2 160 MHz band has two specific footnotes for mobile service 5.388A 
and 5.388B. The fixed service is allocated on a primary basis but the mobile-satellite (space-
                                                            
3 5.385 Additional allocation:  the band 1 718.8-1 722.2 MHz is also allocated to the radio astronomy service on a secondary basis for 
spectral line observations. (WRC-2000) 
4 5.386 Additional allocation:  the band 1 750-1 850 MHz is also allocated to the space operation (Earth-to-space) and space research (Earth-
to-space) services in Region 2, in Australia, Guam, India, Indonesia and Japan on a primary basis, subject to agreement obtained under 
No. 9.21, having particular regard to troposcatter systems. (WRC-03) 
5 5.315 Alternative allocation: in Greece, Italy and Tunisia, the band 790-838 MHz is allocated to the broadcasting service on a primary 
basis. (WRC-2000) 
6 5.388 The bands 1 885-2 025 MHz and 2 110-2 200 MHz are intended for use, on a worldwide basis, by administrations wishing to 
implement International Mobile Telecommunications (IMT). Such use does not preclude the use of these bands by other services to which 
they are allocated. The bands should be made available for IMT in accordance with Resolution 212 (Rev.WRC-07) (see also Resolution 223 
(Rev.WRC-07)*). (WRC-12) 
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to-Earth) service is allocated on a secondary basis. Footnote 5.388 is applied to fixed, mobile, 
and mobile-satellite (space-to-Earth) services as a band footnote. 
The TFA represents the frequency allocation by WRC to allocate radiocommunication 
services by frequency bands. The services represent the purpose of frequency use that is 
defined in Article 1: Terms and Definitions. 
Allocation, allotment, and assignment 
Spectrum allocation means giving specific frequency bands to radiocommunication services, 
i.e., for the purpose of frequency use, with both regional and global scope. 
The allocation is presented in the TFA, which shows the services that are allowed to be used 
by frequency band. The TFA is divided into three regions (Regions 1-3). The services can be 
either primary or secondary. In the TFA, primary services are given in “capitals” and 
secondary services in “normal characters.” The reason for this division is to avoid harmful 
interference, with primary services always taking priority over secondary services by way of 
station (network and device) construction. This allocation is by WRC.  
Spectrum allotment means designating specific frequency bands to at least one ITU Member 
State for a specified service (terrestrial or space). For example, Appendix 25 of the RR 
provides the allotment plan for coast radiotelephone stations in maritime mobile services 
between 4 000 kHz and 27 500 kHz (e.g., the 4 358.4 kHz band is allotted to South Africa, 
Australia, Chile, and Cuba). Appendix 30, Article 10 provides an allotment plan for 
broadcasting-satellite services in the 12.2-12.7 GHz band in Region 2, such as Beam 
SPMFRAN3 (channels 1, 5, 9, 13, and 17 are allotted to Germany, Denmark, Iceland, 
Norway, and Sweden). 
Spectrum assignment means giving a specific frequency band to users: providers, operators, 
or end-users. For example, the 897.5-915 and 942.5-960 MHz bands are assigned to Operator 
A for mobile services. The use of radiocommunication devices is managed at national level by 
the national regulatory authority (NRA). The NRA assigns the frequency to the assignee, in 
other words, the NRA provides the right to use frequency to frequency users. This is called 
spectrum assignment. Typical spectrum assignment methods are command-and-control, 
market-based, and spectrum commons.  
There are two principal approaches to licensing: command-and-control and market-based. 
These approaches grant the exclusive right to use frequency to licensees. Spectrum commons, 





   -Market knows best
   -Auctions/secondary trading
   -High flexibility
   -Pro big business
Command and control 
(conserve state control)
   -Government knows best
   -First come, first served
   -Beauty contest
   -Low flexibility
   -Pro-government 
    (and its friends)
Licence-free 
(avoid interference)
       -Nobody knows best
       -No legal protection
       -Technical protection
       -High flexibility
       -Pro-innovation
       -Optimistics
 
       Source: Geiss (2004) 
Figure 2. Options for spectrum assignment 
As regards the command-and-control approach, the NRA assigns the frequency to users on a 
first-come, first-served basis, imposing the conditions for the use of the frequency. This 
process raises the issue of transparency. The command-and-control approach is an 
administrative approach in which the competent authority, usually the government, uses its 
power of discretion to grant an exclusive right of use of some frequency bands to assignees, 
with conditions. These conditions include power limitation, antenna specification, and other 
technical requirements in terms of radiocommunication equipment, mainly for the purpose of 
avoiding harmful interference. The flexibility of the use of frequency under this approach is 
limited. All frequency operations, including the location, working frequency, bandwidth, 
output power, antenna gain, modulation technique, and technology, are decided by the NRA. 
When users want to adopt new technology, they have to go through an administrative process 
to be approved before implementation. 
As for the market-based method, the NRA uses a market mechanism to assign the frequency, 
such as a spectrum auction or secondary trading. This approach creates more flexibility for 
regulators and operators to manage the spectrum and makes the process more transparent than 
a command-and-control approach. Although the market-based approach can maximize 
spectrum efficiency in some cases, the outcome may be competition between strong financial 
parties to buy most of the available spectrum on the market. As a result, the market may 
become monopolized if the regulator does not have proper control or “spectrum caps” (limits 
on obtaining spectrum). 
On the other hand, the non-exclusive right to use frequency unlicensed can be treated as 
spectrum commons. In this situation, no one has an exclusive right to use frequency. 
Everyone can use the same frequency under some constraints. Nevertheless, services under 
spectrum commons cannot claim protection, because spectrum commons is open to anyone 
with any application, under the given limitations. 
Spectrum commons is widely used and part of day-to-day activities, ranging from garage 
openers, remote controls, toys, closed-circuit television (CCTV), navigation systems (land, 
air, and sea), earphones, cordless telephones, and card readers, to Internet connection (Wi-Fi) 
in smart phones. The main applications for spectrum commons are low-power and short-range 
devices (SRD). Most SRDs use the frequency in the industrial, scientific, and medical (ISM) 
application band (RR 5.138 and 5.150). The rapid development of technology renders the 
exclusive use of frequency unnecessary because smart devices can search, change, and 
7 
occupy frequency whenever it becomes available. The main technologies for spectrum 
commons are software-defined radio (SDR) and cognitive radio system (CRS), which have 
been discussed at WRC-12, under Agenda Items 1.19 and 1.22, providing non-exclusive use 
of frequency. Spectrum commons increases spectrum efficiency and flexibility of use. 
Spectrum commons has developed both allocation at WRC in the form of the RR and 
assignment via national regulation. It is interesting to understand the transformation of 
spectrum commons from allocation under international regulation into assignment under 
national regulation. 
Spectrum commons regulations in the form of the RR, including the allocation in footnotes 
5.138 and 5.150, the definition of the ISM application, and relevant frequency bands, have 
been transformed into the national regulation, in this case the TFA of Thailand. Spectrum 
commons has been developed alongside spectrum assignment development, including the 
transition from command-and-control to market-based economies; in other words, from 
authorization to licensing schemes. Spectrum commons has also developed alongside the 
allowed use of radiocommunication devices in Thailand without relevant licenses, since 2004. 
In line with the Thai NRA, the authority also changed over time from a government agency 
(the Post and Telegraph Department, PTD) to an independent agency (the National 
Broadcasting and Telecommunications Commission, NBTC). 
At WRC, the spectrum commons regulations have been allocated through footnotes 5.138 and 
5.150. An understanding of the WRC processes for frequency allocation for spectrum 
commons and the transformation of international regulation into national regulation are 
assisting Thailand with the proper implementation of the regulation. 
Early research 
There is much literature on spectrum assignment, especially spectrum auction and command-
and-control, including Ostrom (2003), Faulhaber and Farber (2003), Cave, Doyle, and Webb 
(2007), Caicedo and Weiss (2011), Freyens, Loney, and Poole (2010), Madden and Ahmad 
(2013), and Madden and Morey (2013). There are few studies on spectrum allocation at 
WRC, however, especially the WRC processes (WRC agenda setting and study process). 
Literature on the transformation from international into national regulation is also rare. Table 
2 presents the relevant literature and a summary regarding WRC. 
Most of the literature is from before 1992 (the current WRC process is after the Additional 
Plenipotentiary Conference of 1992), except the last two from 2003 and 2011. All the 
literature in Table 2 deals with the specific issues at WRC. Most of the literature is relevant to 
national and international cooperation in terms of the implementation or consequences of the 
WRC decision. There are two pieces of literature regarding the transformation from 
international into national regulation; however, these are from before 1992. 
Moreover, the study provides the bibliography of spectrum management in the annex, 
including the handbook and textbook on spectrum management, spectrum allocation, 
spectrum assignment, market-based or spectrum auction, and spectrum commons. 
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Table 2. Frequency allocation literature 
Literature Relevance to frequency allocation at WRC Scope 
Gould (1970) US preparatory work for space service and radio astronomy for 




Tanaka (1979) WARC-79 decision impact on Japan, Asia, and Oceania and 
problem regarding high-frequency broadcasting and space 
service 
National 
Katzenstein, Moore, and 
Kimball (1979) 
WARC-79 decision impact on the TFA above 40 GHz with 
challenges to the frequency manager 
National 
Probst and Bradley (1979) Revision of the TFA by WARC-79 with a suggestion by the US 
TFA 
Transformation 
Covitt and Neuman (1979) US frequency sharing between radio navigation services and 
the Air Traffic Control Radar Beacon System 
National 
Fisher (1984) UK frequency sharing between land mobile and broadcasting 
service in TV Band III as a result of WARC-79 
National 




Blanc (1986) New frequency allocation for land mobile-satellite service in 
Europe at WARC-MOB 87 (for mobile service)  
National and 
international 
Willmets (1986) New frequency allocation for land mobile-satellite service in 
the band 1.5/1.6 GHz in Europe at WARC-MOB 87 
National and 
international 
Walton (1987) Frequency usage for mobile services in fuel and power 
industries 
National 
Goddard (1988) National and regional cooperation in Western Europe and the 
UK as a consequence of WARC 
Transformation 
Tycz (1990) The impact of WARC for geo-stationary satellite orbit and 
planning of space service (ORB-88) to US fixed satellite 
service and orbit assignment by FCC 
National 
Fournier (2003) New allocation for satellite radio navigation or new services in 




Lyall (2011) ITU structure development International 
1.2 Motivation 
The motivation for this study comes from the implementation of spectrum commons in 
Thailand. The study combines three previous studies: I) Information and coordination in 
international spectrum policy: Implications for Thailand, II) Managing spectrum commons in 
Thailand: Allocation and assignment challenges, and III) Spectrum assignment policy: 
Towards an evaluation of spectrum commons in Thailand.  




The development of the spectrum commons allocation applies the RR development from 
Paper I providing an overview of the WRC processes (WRC agenda setting and study 
process) and the RR development in terms of frequency band development. Paper I uses 
spectrum commons in WRC-12 Agenda Items 1.19 and 1.22 with regard to SDR, CRS, and 
SRD as the object of study. 
                                                            
7 The bottom-up initiatives from national level are a feedback relationship. They represent the national interest to review or revise the 
international regulations (the RR). The national request for RR revision is part of the WRC preparatory process. The ITU Member States 
submit their contribution to WRC corresponding to defined WRC agenda items, i.e., point of RR revisions. When the national request does 
not comply with any existing WRC agenda items, such a request will be included in the WRC agenda-setting process either for the next or 
future WRC agenda items (see Chapter 4 for details). 
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Paper II applies the WRC process to explore the ITU archive for ISM application in terms of 
the definition and frequency allocation in the development of footnotes 5.138 and 5.150. The 








Bundle of rights to use frequency
National regulations
Transformation
Paper I Paper IIIPaper II
 
Figure 3. Summary of research problem 
Paper II also transforms spectrum allocation into assignment for spectrum commons in 
Thailand by demonstrating how to implement international regulation into national regulation 
for spectrum commons in Thailand. The study applies the institutional analysis and 
development (IAD) framework to illustrate the interaction and relationship between levels of 
analysis and outcome: from the RR to the NBTC regulations. Moreover, the study highlights 
the challenges of spectrum commons (advantages and disadvantages of spectrum commons 
from Paper III) and IAD application for spectrum management. 
Spectrum commons in Thailand is captured by the spectrum assignment development since 
1875 in Paper III. This paper presents the history of spectrum assignment development in 
Thailand in terms of national regulation development with particular attention to spectrum 
commons. 
1.3 Purpose and limitation 
The purpose of this study is to illustrate the implementation of spectrum commons regulation 
in Thailand, including the allocation of spectrum commons in the RR as the international 
regulation (Paper I), transformation of international regulation into national regulation for 
spectrum commons in Thailand (Paper II), and the implementation of spectrum commons as 
national regulation in Thailand (Paper III). 
The study limits its analysis of international spectrum policy to WRC-12. However, there are 
more than 30 agenda items at WRC-12. In order to understand the WRC process, the study 
focuses on spectrum commons in WRC-12 Agenda Items 1.19 and 1.22 using SDR, CRS, and 
SRD as objects of study. These two agenda items represent the WRC process, including the 
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WRC agenda setting and study process and the national and regional preparatory process for 
Thailand. 
In order to demonstrate the transformation of international into national regulation, Thailand 
and spectrum commons regulation is selected as the object of study for the transformation of 
the spectrum commons regulation. 
To illustrate the implementation of spectrum commons at national level, the development of 
spectrum assignment in Thailand is selected. 
1.4 Research question 
The overarching research question for this study is “How should spectrum commons be 
implemented in Thailand?”. Connecting the three research questions from the three papers 
illustrates the implementation of spectrum commons in Thailand, starting with the allocation 
of spectrum commons via international regulation in the RR at WRC, transforming 
international into national regulation in Thailand, and concluding with the implementation of 
spectrum commons as national regulation in Thailand. 
Paper I 
The purpose of the study is to understand the information needs and coordination of 
international spectrum policy setting, including the processes and archives relevant to the ITU 
(WRC proceedings and RR versions). The study also proposes a possible way to alleviate the 
missing information in this policy setting. 
In order to study international spectrum policy, the study focuses on WRC-12 Agenda Items 
1.19 and 1.22 regarding SDR, CRS, and SRD, representing spectrum commons as an object 
of study in order to demonstrate the whole WRC process at the ITU. 
The main research question of the study is “How is international spectrum policy 
developed and affected by the lack of detailed documentation?”. In order to respond to the 
main research question, the study has four sub-research questions as follows: 
1. How is international spectrum policy set in terms of ITU structure, WRC, and the RR, 
and how did they develop? 
2. What information would be more useful for making decisions? 
3. How does the missing information affect international spectrum policy? 
4. How can the existing ITU archives be improved or added to? 
Paper II 
The purpose of this study is to demonstrate the relationship between international and national 
regulations in terms of how to implement spectrum commons in Thailand. The study also 
illustrates the development of frequency allocation for spectrum commons at international 
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level and the transfer of the international regulation for spectrum commons into Thai national 
regulation. 
To fulfill the purpose of the study, the main research question is “How is the Radio 
Regulations transformed into National Broadcasting and Telecommunications 
Commission regulation for spectrum commons in Thailand?”. In order to answer this 
research question, the five sub-research questions are as follows: 
1. What are the main applications and technologies for spectrum commons? 
2. What are the spectrum allocations for spectrum commons and ISM applications, and 
how did they develop? 
3. What is spectrum assignment, especially spectrum commons, in Thailand, and how 
did it develop? 
4. How should spectrum commons regulation be transformed from the RR into the 
national NBTC regulation? What are the challenges? 
5. How is the IAD framework relevant to spectrum management? 
Paper III 
The purpose of this licentiate thesis is to examine the spectrum commons approach to 
spectrum assignment. The thesis focuses on the case of Thailand. 
The main research question is “What are the consequences of using spectrum commons 
for frequency assignment in Thailand?”.  
To approach the main research question – What are the consequences of using spectrum 
commons for spectrum assignment in Thailand? – this thesis addresses five sub-research 
questions: 
1. What is a suitable framework for analyzing different types of spectrum commons? 
2. What type of spectrum commons has been used in Thailand? 
3. What are the advantages and disadvantages of spectrum commons in general? 
4. How can the benefits and costs of spectrum commons be measured? 
5. What are the implications of implementing spectrum commons in Thailand? 
1.5 Originality and contributions 
This study contributes a comprehensive view of the process from spectrum allocation to 
spectrum assignment, with the specific case study of spectrum commons and Thailand, in 
order to demonstrate how international regulation is transformed into national regulation in 
the current WRC process. One achievement of the study is the application of a multi-layer 
framework to explore spectrum commons issues at national and international level. Nobody 
has sought to integrate analyses of spectrum commons issues at these three interrelated levels. 
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This approach deepens our understanding of policy options for spectrum commons and their 
implementation, and it offers new insights into spectrum management in general and spectrum 
commons in particular. 
The study contributes the whole process of implementing spectrum commons, from frequency 
allocation at WRC to national regulation in Thailand, including the WRC and RR 
development, especially the frequency band development, IAD framework application in the 
WRC context and spectrum management activities, transformation of international into 
national regulation, and history of spectrum assignment development in Thailand and the 
bundle of rights to use frequency. 
1.6 Structure of the study 
This study consists of six chapters, starting with an introduction in Chapter 1, which includes 
the background and research questions. Chapter 2 provides the theoretical framework for this 
study. Chapter 3 deals with the methodology. The summary of appended papers is provided in 
Chapter 4. The discussion of IAD relevance is presented in Chapter 5, and, finally, the 




Chapter 2 Theoretical framework 
This chapter provides the theoretical framework for this study, i.e., the IAD framework, three 
worlds of action in spectrum management, and the bundle of rights to use frequency. The 
justification for using the IAD framework is also presented. The chapter uses some parts of 
Chapter 2 of Ard-paru (2012a), an updated version of Ard-paru (2011), and Chapter 2 of Ard-
paru (2010). 
Table 3 gives a summary of the theoretical framework that has been used in Papers I, II, and 
III. 
Table 3. Theoretical framework summary 
Framework Paper I Paper II Paper III 
Kiser and Ostrom (1982)   x 
Ostrom (2005a, 2005b, 2007 and 2011)  x x  
Paper III used the old version of the IAD framework, originally developed in 1982. This 
framework has been developed over time by Ostrom and her colleagues. The current version 
of 2011 has been used in Papers I and II. The details of the framework are discussed below. 
2.1 Selection of IAD framework 
The IAD framework is part of the new institutional economics (NIE) that have been 
developed through economic thinking. Economic thinking ranges from classical to 
institutional: from commodities and individuals to transactions and working rules for 
collective actions. Its classical theories are based on the relationship of man to nature, while 
institutional theories are based on the relationship of man to man (Commons, 1931). 
Commons (1931) also provides the definition of “institution” as collective actions in the 
control, liberation, and expansion of individual actions. Individual actions are transactions 
instead of either individual behavior or the exchange of commodities (Commons, 1931, pp. 
651-652). The transaction serves as the smallest unit of activity with its participants. The 
major activities are bargaining, managerial, and rationing transactions (Commons, 1931). 
However, the early development of institutional economics or old institutional economics 
(OIE) provides imaginative insights, perceptive description, and quantitative measurement, 
not a theory (North, 1992, p. 3). NIE builds on the assumption of scarcity and competition and 
attempts to incorporate an institution into economics. In the real world, human beings have 
incomplete information and a limited mental capacity to process information by imposing 
constraints on interaction with structural exchange. The information is costly and 
asymmetrical to exchange between parties. Institutions are formed to reduce uncertainty in 
human exchange (North, 1992). 
Moreover, North (1992) provides the definition of institutions as society’s rules of the game 
or humanly devised constraints structuring human interaction. Furthermore, he defines the 
organization as the player or groups of individuals bound by a common purpose to achieve 
objectives. 
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NIE has been developed in different areas, such as property rights economics, public choice, 
and the theory of the firm. The IAD framework has been developed by Ostrom and her 
colleagues at the Workshop in Political Theory and Policy Analysis in order to understand the 
institution, especially common-pool resources, which are part of property rights economics. 
The IAD framework has been developed since 1982, providing the world of actions with a 
systematic approach to the decision-making process. 
The IAD framework provides a systematic approach to the decision-making process in terms 
of exogenous and endogenous variables as independent variables. The exogenous variables 
are biophysical conditions, attributes of community, and rules-in-use, representing the 
external parameters that influence the decision situation. Endogenous variables represent the 
connection between the action situation and the rules-in-use, and they are represented by 
seven rules: boundary, position, choice, information, payoff, aggregation, and scope. The 
dependent variable is the outcome of the decision situation. 
Moreover, the interconnection between the world of actions or level of analysis and outcomes 
– operational, collective-choice, constitutional, and metaconstitutional situations – is 
presented in the interaction between level and feedback as influencing decision-making at the 
lower level. The four levels of analysis and outcome by Ostrom are similar to the four levels 
of the economics of institutions by Williamson (2000). However, Williamson does not 
provide the detail of the action situation at each level. 
The IAD framework enhances the understanding of the decision-making process in several 
fields, especially agriculture, such as fisheries, forestry, farming, water, and river basins. 
Table 4 shows some of the IAD literature on applications in the fields. Most of it concentrates 
on common-pool resources, especially in the field of fisheries. However, there is no literature 
relevant to politicians bargaining and heads of state negotiating in Table 4. 
Table 4. IAD literature 
Literature Introduction to the use of the IAD framework Action situation 
Imperial (1999a) Examining the structure and performance of the institutional 
arrangement used to implement the Salt Ponds, a special area 




Imperial (1999b) Understanding the institutional arrangement used to implement 
an ecosystem-based management program 
4-natural resource 
management 
Piipponen (1999) Examining the institutional setting for the forest sector in the 
Republic of Karelia, Russia 
4-forest 
Carlsson (2000) Incorporating the policy network approach to an analytical 
framework, e.g., the IAD framework 
Other-analytical 
framework 
Leach and Pelkey (2001) Reviewing the conflict resolution in watershed partnerships on 
collaborative resource management 
4-water 
Sekher (2001) Analyzing the process of organized participatory resource 
management in community forestry practices in India 
4-forest 
Sobeck (2003) Examining an early stage of policy development emphasizing 
group membership and participation 
Other-
collaboration 
Flinkman (2004) Evaluating the effectiveness and credibility of exchanges in the 
wood construction supply chain in Dar es Salaam and Mwanza 
4-wood 
Rudd (2004) Facilitating critical examinations of important cross-cutting 
issues by a modified IAD framework providing a platform for 
ecosystem-based fisheries management policy, experiment, 
design, and monitoring 
4-fishery 
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Literature Introduction to the use of the IAD framework Action situation 
Imperial and Yandle 
(2005) 
Examining competing institutional arrangements used to manage 
fisheries: bureaucracy, markets, community, and co-management, 
to understand critical issues related to institutional analysis 
4-fishery 
Koontz (2005) Examining collective decision-making related to natural 
resources for farmland preservation planning in Ohio, USA. 
4-farmland 
Hill and Hupe (2006) Illustrating how the IAD framework assists in highlighting the 
links between UK health and education policy analysis  
2-health  
Blackstock and Carter 
(2007) 
Providing sufficient incentives to make the transition from 
traditional science to sustainability science for the 
implementation of the Water Framework Directive (WFD)  
4-water 
Clement and Amezaga 
(2008) 
Examining land use changes in Vietnam that national policy 
interfered with, with local factors leading to a complex course of 
decision-making and action 
4-forest, land 
Klass (2008) Identifying the institutional roots of the crisis in Côte d’lvoire, 
and suggestions for resolution 
Other 
Yandle (2008) Examining the development, strengths, and weaknesses of New 
Zealand’s fisheries co-management, commercial stakeholder 
organizations (CSOs) 
4-fishery 
Andersson (2009) Analyzing the contextual factors that affect stakeholders’ 
motivation to engage in collaborative learning activities for the 
Swedish International Development Cooperation Agency (SIDA) 
Other-
collaboration 
Coleman and Steed 
(2009) 
Examining theoretical determinants of monitoring and 
sanctioning at local community level and external government 
agents from the International Forestry Resources and Institutions 
(IFRI) research program 
4-forest 
Dong et al. (2009) Examining the effectiveness of institutional development at local 
and national levels in mitigating the problems facing sustainable 
rangeland management in Nepal 
4-rangelands 
Hardy and Koontz 
(2009) 
Illuminating how the operational rules produced by different 
types of partnerships result in outputs that impact three watershed 
management systems 
4-water 
Laing et al. (2009) Understanding partnerships between protected area agencies and 
the tourism industry 
Other-partnership 
success 
Martinez (2009) Identifying and examining the structure and relationships 
between the different stakeholders involved in tobacco control 
policies in health care organizations 
2-tobacco policy 
in hospital 
Schlager and Heikkila 
(2009) 
Identifying the conditions under which interstate river compacts 
are likely to address conflict and solutions 
4-water 
Akinola (2010) Providing polycentric planning, self-governance, and adaptive 
development strategies to resolve the socio-economic and 
political crisis in the Niger Delta  
2-public sphere 
Hardy and Koontz 
(2010) 
Evaluating the transaction costs and environmental, social, and 
policy outputs of two watersheds: urban and rural 
4-water 
Mokhtar, Torman, and 
Hossain (2010); 
Mokhtar et al. (2011); 
and Toriman et al. 
(2012) 
Identifying institutional challenges associated with Integrated 
River Basin Management (IRBM) implementation in Langat 
River Basin, Malaysia 
4-water 
Ostrom and Cox (2010) Enabling a finer understanding of biodiversity loss, climate 
change, pollution, and natural resource degradation systems, and 
providing a basis for comparisons for policy prescriptions 
2-environment 
Asquer (2011) Analyzing the liberalization and regulatory reforms of network 
industries in Italy 
Other-regulatory 
Beitl (2011) Examining the relationship between collective action and 
environment to sustainable mangrove fisheries in coastal Ecuador 
4-fishery 
Bushouse (2011) Identifying six governance structures in the commercial and non-




Literature Introduction to the use of the IAD framework Action situation 
Heikkila, Schlager, and 
Davis (2011) 
Identifying the 14 interstate river basin systems and applying 
common-pool resource (CPR) design principles 
4-water CPR 
management 
Henry and Diet (2011) Understanding the trust in variables-belief system and networks-
influence trust 
Other-trust 
Li and Li (2011) Analyzing multifunctional agriculture (MFA) in Chongqing, 
China 
4-agriculture 
McGinnis (2011) Providing a systematic approach to elaborating on a complex 
policy network with overlapping groups of stakeholders 
influencing the rules of interaction in Maine lobster fisheries, 
international development assistance, and faith-based 





Mehring et al. (2011) Structuring forest management in Central Sulawesi, Indonesia, by 
considered rules, participants, and conservation outcomes 
4-forest 
Oakerson and Parks 
(2011) 
Explaining local variations in public organizations as a function 
of the geo-physical diversity of localities in Yellowstone and 
Adirondack Park 
4-forest 
Thiele et al. (2011) Understanding the multi-stakeholder platforms for potato-based 
value chains in Bolivia, Peru, and Ecuador 
4-farmers 
Wasike, Kahi, and Peters 
(2011) 
Identifying the missing stakeholder in action situations for 
animal-recording activities 
4-animal farm 
Chadsey, Trainer, and 
Leschine (2012) 
Identifying key success factors of the Olympic Region Harmful 
Algal Bloom (ORHAB) partnership with harmful algal blooms 
(HABs) 
4-marine 
Fidelman et al. (2012) Highlighting the diverse contextual factors that challenge the 
governance of large-scale marine commons, using the Coral 
Triangle Initiative as an example 
4, (2)-marine 
Ghorbani, Dignum, and 
Dijkema (2012) 
Modeling agent-based systems based on the IAD framework 




Mulazzani et al. (2012) Describing the anchovy fisheries of Croatia and Italy, and France 
and Spain 
4-fishery 
Reiners (2012) Examining how and why on-the-ground decisions and outcomes 
differ 
4-wildfires/forest 
Ho and Gao (2013) Analyzing collective action problems in building management 4-housing 
Note:  1: Buyers and sellers exchanging goods (services) in a market 
 2: Legislators making legislative decisions about future laws 
 3: Powerful politicians bargaining over the allocation of public support 
 4: Users of a common-pool resource withdrawing resource units (such as fish, water, or timber) 
 5: Heads of state negotiating an international treaty 
 Other: excluded from five categories 
Source: Ard-paru (2012a), Table 3 
WRC as an action situation represents the negotiation of RR revisions as an international 
treaty. Ostrom (2005b) pointed out that this action situation can be described and analyzed 
using a common set of variables, that is, the variables of an action situation within the IAD 
framework. However, Ostrom did not provide the IAD application to the negotiation of an 
international treaty. 
The author is familiar with the IAD framework from the previous work to understand the 
bundle of rights for frequency use on frequency assignment approaches: command-and-
control, market-based, and spectrum commons (Ard-paru, 2010). The element of the IAD 
framework helps in understanding the different bundles of rights for frequency use in each 
frequency assignment approach in operational and collective-choice situations. 
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It is a challenge for the author to apply the IAD framework to a constitutional situation in 
which the regulations or rules for the collective-choice and operational situations are revised. 
In the field of spectrum management, WRC is the forum for international negotiations on RR 
revisions as the action situation at a constitutional situation. At WRC, the dynamic situation 
of international negotiations between Member States can be analyzed and described 
systematically by the element of the IAD framework. Discussions at WRC contain the 
rationale of the RR revisions that is missing from the ITU archives. The IAD framework 
therefore assists with identifying the limitations of the ITU archives and observations from 
meetings by its variables. The ITU archives enable responses to some of the IAD variables, 
including physical condition, boundary, position, scope rules, and potential outcome. The 
participant observations can respond to all IAD variables, however, it can provide only for the 
current situation. This applicability of the IAD framework to WRC as the forum for 
international negotiation is the original work of the author. 
To conclude, the study selects the IAD framework because it has the ability to systematize the 
action situation and explain the dynamic situation of the decision-making process at WRC via 
international negotiations. This study also contributes to the first application of the IAD 
framework in the context of WRC international negotiations or an action situation. Moreover, 
the IAD framework helps in understanding the transformation of international into national 
regulation for spectrum commons in Thailand and the bundle of rights to use frequency for 
different frequency assignment approaches. 
2.2 The IAD framework 
Elinor Ostrom, among others, developed the IAD framework. The details of the IAD 
framework are discussed below. 
The IAD framework has its roots in classic political economy, neoclassical microeconomic 
theory, institutional economics, public choice theory, transaction-cost economics, and non-
cooperative game theory (Ostrom, Gardner, & Walker, 1994, p. 25). The IAD framework 
orients the analyst to ask particular questions. The questions generated by the IAD framework 
are the most important contributions. These questions are used to diagnose, explain, and 
prescribe action situations during the decision-making processes (Ostrom et al., 1994). 
The IAD framework was originally developed by Kiser and Ostrom (1982) and provides three 
worlds of action: operational, collective choice, and constitutional choice levels. Kiser and 
Ostrom (1982) provide a metatheoretical framework to explain the relationships between 
institutional arrangements and the individual in terms of the transformation of rules into 
individual behavior. Institutional arrangements are rules used by individuals to determine who 
and what is included in decision situations, how information is structured, what actions can be 
taken and in what sequence, and how individual actions will be aggregated into a collective 
decision (Kiser & Ostrom, 1982, p. 179). Field (1992) has a similar level of analysis but with 
different names, i.e., three economic institutions: operational, institutional, and constitutional 
levels. 
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In other words, the IAD framework explains phenomena attributed to the aggregation of 
individual actions that decision makers have decided to take or strategies (plans of action) 
based on situations and the individual. The situation depends on rules, events, and the 
community. This framework also captures the dynamic situation through feedback from the 
phenomena that influence the community, situation, and individuals. Here is a brief 
explanation of the independent and dependent variables. 
The inputs to the phenomena are the independent variables, including biophysical conditions, 
attributes of community, rules-in-use, action situations interaction, and evaluative criteria. 
The output of the phenomena is the dependent variables, i.e., outcomes.  
When expanding the action situation with rules-in-use, the inputs to the action situation can 
be divided into exogenous and endogenous variables as the independent variables. The 
exogenous variables are biophysical conditions, attributes of community and rules-in-use. The 
endogenous variables are represented by boundary, position, choice, information, payoff, 
aggregation, and scope rules. The dependent variable is the potential outcomes. 
According to Kiser and Ostrom (1982), each world of action has five working parts in an 
institutional structure: the decision-maker or individual, the community, the event (or goods 
and services), the institutional arrangement, and the decision situation. The results of the 
institutional structure are individual actions or strategies, and the aggregation of individual 
actions. 
Each level or world of action: metaconstitutional, constitutional, collective-choice, and 
operational situations, comprises an IAD framework for an institutional analysis. The linkage 
between levels is in part the rules-in-use at each level as will be elaborated upon below. 
The three worlds of action were developed by Ostrom from 1982 to 2011 (Kiser & Ostrom, 
1982; Ostrom, 2005a; 2005b, 2007, 2011). The differences between the old version from 
1982 and the current version from 2011 are the consideration layers, the names of the 
elements, and the details of the internal rules. The old version has three worlds of action, 
while the new version has four levels of analyses and outcomes. 
The other difference is that the names of the elements in 1982 were changed in 2011: 
aggregated results to outcome; actions, activities, and strategies to interaction; attributes of 
decision situation to action situation; attributes of institutional arrangement to rules-in-use; 
and attributes of events to biophysical conditions. The attributes of the individual were 
merged into an action situation. The evaluative criteria were added in 2011. 
The names of the rules-in-use in 1982 were changed in 2011 from authority rules to choice 
rules. The unchanged rules are boundary, scope, position, aggregation, and information rules. 
The procedural rules were removed. The payoff rules were added in 2011. 
The IAD framework provides consideration levels, or worlds of action, for the decision-
making process, i.e., operational, collective-choice, constitutional, and metaconstitutional 
situations. Moreover, the IAD framework provides exogenous variables and an internal action 
situation at each situation level. The exogenous variables include biophysical/material 
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conditions, attributes of community, and rules-in-use. The internal action situation structure 
comprises boundary, position, choice, payoff, information, aggregation, and scope rules. 













    Source Ostrom (2011, p. 10), Figure 1 
Figure 4. Framework for an institutional analysis 
Interaction (action and strategy) 
When an individual wants to take action or implement a strategy, he/she must know the 
consequences of the action or strategy, or the outcome and value of the alternative actions or 
strategies. A tennis player makes a decision to charge at the net or wait for the ball to bounce 
and use a groundstroke: the outcomes of the actions differ. In order to predict actions, a 
minimum of the following assumptions must be made: the level of information about the 
decision situations, the valuation of the potential outcomes, the alternative actions within the 
situation, and the process of calculation to act from alternative actions or strategies. 
Action situations (or decision situations) 
According to Kiser and Ostrom (1982), the decision situation is determined from 
interdependent relationships. Interdependent relationships depend on more than one input 
from the exogenous variables. The IAD framework separates the exogenous variables from 
the action arena or action situation. The exogenous variables include biophysical/material 
conditions, attributes of community, and rules-in-use. 
Biophysical/material conditions 
The biophysical/material conditions describe the type of goods. Goods can be further refined 
into four groups: private goods, toll goods, common-pool goods, and public goods. Each 
group has different characteristics, defined by the level of subtractability and the cost of 
exclusion (Kiser & Ostrom, 1982). Table 5 shows four categories of goods. 
Table 5. Categories of goods 
Level of subtractability 
Cost of exclusion 
High Low 
Low Private goods Toll goods 
High Common-pool goods Public goods 
Source Kiser and Ostrom (1982, p. 198), Table 7.1 
The level of subtractability and cost of exclusion can also be explained in terms of four 
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attributes of biophysical conditions that individuals seek to produce and consume: jointness of 
use or consumption, exclusion, measurement, and degree of choice, in order to define private 
goods, tool goods, common-pool resources, and public goods. 
Jointness of consumption explains separable and joint consumption goods. One individual 
consumes separable consumption goods, while several individuals consume joint 
consumption goods. Joint consumption goods are defined as public goods that are non-
subtractable, while separable consumption goods are private goods. 
The exclusion attributes explain the difference between private and public goods. Public 
goods are non-excludable goods that an individual can consume without exclusion. Private 
goods are excludable goods that the individual can consume with exclusion. 
The measurement is the degree of packaging and unitization. Public goods are hard to 
package and unitize in contrast to private goods. The measurement of private goods is more 
precise than that of public goods. 
The degree of choice for the consumer differs between public and private goods. Public goods 
are non-subtractable and non-excludable, so there is not much choice, while private goods can 
produce many choices from subtractable and excludable goods. 
The level of subtractability is defined by the characteristics of the goods that can be separated. 
Private goods can be separated by individual consumption, but public goods cannot. For 
example, rice can be consumed from a bowl by taking a spoon, as private goods. Air in the 
park is a public good. People can breathe, but no one can separate air for individual 
consumption. 
Ostrom and Ostrom (1997) use the level of subtractability and the cost of exclusion to classify 
private goods, tool goods, common-pool resources, and public goods. Private goods, such as 
bread, milk, automobiles, and haircuts have a low cost of exclusion and a high level of 
subtractability. Toll goods, for example, theaters, nightclubs, telephone services, cable TV, 
electric power, and libraries, have a low cost of exclusion and a low level of subtractability. 
World Cup football is toll goods at a low level of subtractability, because football players and 
spectators jointly benefit from football matches, whereas the cost of exclusion is low but 
managed by selling tickets to matches. Common-pool resources, e.g., water pumped from a 
ground basin, fish taken from an ocean, and crude oil extracted from an oil pool, have a high 
cost of exclusion and a high level of subtractability. Public goods, such as peace and security 
of a community, national defense, mosquito abatement, air pollution control, and weather 
forecasts, have a high cost of exclusion and a low level of subtractability. 
Characteristics of spectrum and linkage to the IAD physical condition 
Spectrum, or frequency, is a natural and limited resource serving as the carrier to convey 
information from one place to another regardless of borders between countries. Spectrum that 
uses high frequencies reaches shorter distances but has a larger carrying capacity. Conversely, 
spectrum using low frequencies reaches longer distances but has a lower carrying capacity. 
This propagation characteristic is attenuation according to losses such as free space, 
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connection, coupling, and transmitter losses. 
Most of the usable frequency is a man-made resource according to the electronic circuit 
(inductor and capacitor circuit) that generates the frequency. Therefore, frequency is non-
depletable because it can be created all the time. 
Moreover, frequency can be re-used by dividing it into frequencies, time, geography, angle of 
arrival, polarization, and uses. The maximum that is reused of a frequency depends on the 
level of harmful interference. The advancement of technology has reduced harmful 
interference and made exclusive use of frequency unnecessary. 
Spectrum can have exclusive and non-exclusive rights to the use of frequency depending on 
the method of assignment: command-and-control, market-based, and spectrum commons. 
The characteristic of spectrum can be categorized by the IAD biophysical condition-type of 
goods: public, private, and common-pool goods. 
Normally, unassigned spectrum is public goods because everyone can use it without 
separation from others. However, it is costly to exclude others from its use. Therefore, 
unassigned spectrum has a low level of subtractability and high cost of exclusion. In Thailand, 
all uses of radiocommunication devices and frequencies are prohibited except those that have 
a grant from the authority (the NBTC). The unassigned frequency is the frequency allocated 
in the TFA that is not assigned to anyone. 
Once the NRA gives the exclusive right to use frequency to licensees via command-and-
control or market-based approaches (e.g., auction), spectrum is private goods. The licensees 
can use licensed spectrum to provide service to their customers. This spectrum has a high 
level of subtractability and low cost of exclusion as when the licensees obtain spectrum others 
cannot use it. 
Moreover, the NRA gives the right to use frequency to the public, such as unlicensed 
spectrum. No one has exclusive right to use this frequency. Unlicensed frequency has non-
exclusive rights of use. Everyone is able to use this frequency, and the cost is high to exclude 
others while using it. Unlicensed frequency is therefore common-pool goods. 
The advancement of technology has changed the frequency exclusivity from becoming 
unnecessary because these technologies can use frequency while it is not occupied or use 
frequency underneath without causing harmful interference. The frequency assignment 
provision of the exclusive right to use frequency becomes blurred to the NRA if such 
technologies exist and are fully used. 
Attributes of community 
The attributes of community comprise levels of common understanding, common agreement, 
and distribution of resources. The common understanding between people in the action 
situation could be the norm, culture, or tradition in each community that has a direct influence 
on the decision situation. 
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After setting the rules, the individual or member of the community must have a common 
understanding of them, i.e., the allowable actions and outcomes. Without a common 
understanding of the rules, they cannot be exercised. 
Real actions must be evaluated with a common understanding of the rules. If community 
members obey the rules, allowable actions, and outcomes, the need for rule enforcement is 
low. If, on the other hand, the individual disagrees, the need for enforcement is high. 
The distribution of the resource represents a situation in the market or community. If 
resources are distributed equally, a competitive environment arises. Otherwise, oligopoly or 
monopoly may arise. 
Rules-in-use 
The rules-in-use provide an institutional arrangement in a decision-making situation, 
including boundary, position, choices, payoff, information, aggregation, and scope rules. In 
general, rules-in-use can be thought of in terms of “do and don’t” rules, for example, when a 
new member of staff arrives at the office on the first day, the first thing he/she should ask 
his/her colleagues about is the “dos and don’ts” in the office. This is more important than the 
rules-in-form that are written down (Ostrom, 2007, pp. 36-37). 
A detailed discussion regarding the action situations is provided below. These rules help 































     Source: Ostrom (2011, p. 20), Figure 3 
Figure 5. A rules-in-use and the action situation
 
 
Boundary rules: who is eligible to participate in a decision-making or action situation? These 
rules provide the list of participants or actors. For example, in the French Open, tennis players 
with a higher rank automatically go to the first round, while newcomers have to win 
qualifying matches to enter the first round. 
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Position rules: what role does each participant perform in his/her position or what authority is 
given to each position? In each match, there are referees, line-persons, ball boys or girls, and 
two or four tennis players. Each position has its own task or responsibility to perform. 
Choice rules: what actions should be taken? During the game, after one game of serving, the 
opponent has to strike back. There are many choices, e.g., whether to wait and hit a 
groundstroke or to go forward to volley. Even for the server, there are many choices when it 
comes to hitting the ball, e.g., whether to direct it to the corner, to the right, to the left, or to 
go for an ace on the first serve. 
Payoff rules: what is the cost and benefit of the choice that is taken? During the game, if 
player A plays a drop shot at the net, player A expects player B to rush to the net to get the 
ball back. 
Information rules: what information is available when making the decision? In the game, the 
information about players, weather conditions, changing to new balls or a new racket, medical 
breaks, and player injury are available to both players. 
Aggregation rules: what level of control does the participant have in his/her action situation? 
During the game, the player has the ability to control his/her action to move forward or 
backward, to serve, or to hit the ball in order to win a point. Moreover, the player should 
control his/her performance to win the match in a normal game or a tiebreak. 
Scope rules: what is the rule to delimit the potential outcome that is linked to a specific 
outcome? During the match, the winner has to win two out of three sets or three out of five 
sets. Both players can play a point in the specified court, including the height of the net, and 
the type and size of the court. 
Outcomes 
The terms ‘outcomes’ in Figure 4 and ‘potential outcomes’ in Figure 5 describe the same 
concern. The outcomes are the result of actions or strategies by the decision-maker in a 
decision-making process. Moreover, the evaluative criteria in Figure 4 should be used to find 
the net costs and benefits of the outcomes in Figure 5.  
Evaluative criteria 
Ostrom (2011) also provides evaluative criteria, including economic efficiency, equity 
through fiscal equivalence, redistributional equity, accountability, conformance to the values 
of local actors, and sustainability.
8
 The evaluative criteria are the possible outcomes under the 




                                                            
8 For more information, see Ostrom (2011, pp. 16-17). 
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Levels, worlds of action, or situations 
The IAD framework provides consideration levels, or worlds of action, for the decision-
making process, i.e., operational, collective-choice, constitutional, and metaconstitutional 
situations. Figure 6 shows the level of analysis and outcomes in the IAD framework. 
Individuals’ Actions Taken that Directly Affect
State Variables in the World
OPERATION SITUATIONS
(Provision, Production, Distribution, Appropriation, Assignment, Comsumption)
Individuals’ Actions Taken that Directly Affect
Rules that Affect Operational Situations
COLLECTIVE-CHOICE SITUATIONS





Individuals’ Actions Taken that Directly Affect
Rules that Affect Collective-Choice Situations
CONSTITUTIONAL SITUATIONS





Individuals’ Actions Taken that Directly Affect
Rules that Affect Constitutional Situations
METACONSTITUTIONAL SITUATIONS





Biophysical World Community  
Source Ostrom (2007, p. 45), Figure 2.2 
Figure 6. Level of analysis and outcomes 
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Each level or analysis comprises an internal action situation, as mentioned above. The seven 
parts of the IAD framework are contained in each level of the analysis. They are 
biophysical/material conditions, attributes of community, rules-in-use, action situations, 
interactions, evaluative criteria, and outcomes. 
An operational situation is affected by the operational rules of day-to-day decision-making by 
the participant. The decision is made according to the operational rules, which are defined in 
the collective-choice situation. For example, in the State of Maine’s lobster industry, the day-
to-day work is to fish or obtain lobster from the inland shore. The fishermen have to fish with 
specified tools and a time slot. 
A collective-choice situation is affected by the collective-choice rules to determine who is 
eligible, and it defines rules to change the operational rules. For example, if someone wants to 
change who can fish, and the tools and the time to fish lobster, he/she has to revise the 
operational rules in the collective-choice situation.  
A constitutional situation is affected by the constitutional rule of who is eligible and can 
change collective-choice rules, and this has consequences for the operational rules. For 
example, in the telecommunication industry, the national regulatory agency defines the set of 
rules that allow the use of Wi-Fi devices. The rules specify a frequency of 2 400- 
2 500 MHz with transmitting power of up to 100 milliwatts. These rules work as 
constitutional rules with room for manufacturers or the standard-setting agency to produce its 
technology and standards to fit these rules. The standard for Wi-Fi devices is set in the 
collective-choice situation. After that, Wi-Fi devices are on the market and available to use. 
Users buy and use Wi-Fi devices according to the standard. 
As a constitutional decision-maker, Fédération Internationale de Football Association (FIFA) 
determines the rules of football at a high level. European or national football associations use 
FIFA’s rules for their tournaments, such as EUROPA and the Premier League. Football teams 
must obey the rules to participate in tournaments. 
At a metaconstitutional level, the situation is the deepest layer of analysis, underlying all three 
of the above levels. The metaconstitutional level should contain the fundamental rules, such 
as customs, tradition, norms, and religion (Williamson, 2000).
9
 
2.3 Three worlds of action in spectrum management 
The concept of three worlds of action and the property rights regime mentioned above provide 
an understanding of the interaction between the decision-maker and the decision situation 
within and between the three levels.  
An analysis of the decision-makers at each level of spectrum management reveals the relevant 
stakeholders shown in Table 6. 
 
                                                            
9 Williamson explains this as Level 1 (embeddedness), which is taken as given. Institutions at this level change very slowly: 100-1000 years. 
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Table 6. Level of analysis and stakeholders 
Stakeholders Level of analysis 
Administrator/Regulator/Authority Constitutional situation 
Operator/Provider/Standard-Setting Organization Collective-choice situation 
User Operational situation 
Source Ard-paru (2010), Table 7 
Constitutional situation  
A high level of regulation conducted directly will influence the collective-choice situation. In 
radiocommunication, the constitutional situation starts with the regulator, administrator, or 
authority in each country up to the ITU level. The constitutional situation gives the overall 
regulation and broadly influences the collective-choice situation (or institutional situation). 
Collective-choice situation  
After the administrator, authority, or regulator outlines the technical specifications, the 
operators, providers, or standard-setting units have to create technology according to the 
regulation (constitutional-choice situation). For example, in the 2 400-2 500 MHz band there 
are two popular technologies, Wi-Fi and Bluetooth. These technologies provide personal and 
local connectivity with a peer-to-peer connection for Bluetooth and a Wi-Fi infrastructure for 
Internet connection, respectively. 
Wi-Fi technology has been developed by the Institute of Electrical and Electronics Engineers 
(IEEE), and the current standard is 802.11n. This standard provides many technical 
specifications on how to use this frequency, e.g., medium access control (MAC) and physical 
layer (PHY) specifications. 
Bluetooth has been developed to replace cable connectivity for personal area networks 
(PANs). The Bluetooth standard uses the frequency-hopping spread spectrum for radio 
technology. PANs can connect mobile phones, faxes, printers, computers, laptops, GPS 
receivers, video recorders, and cameras. 
In a collective-choice or institutional situation, technology or standard rules show how the 
frequency should be used by the provider, operator, or standard-setting unit and determine 
which devices can access its network. 
Operational situation  
At this level, users can choose to select devices and use them. After selecting the devices, 
however, users have collective-choice or institutional situation rules. For example, once the 
users access Wi-Fi hotspots in hotels, they must have devices with a specified Wi-Fi 
connection and an account to access the Internet defined by the operator. If, on the other hand, 
the user connects to the Wi-Fi router at home, the user specifies the access rule by password 
to determine who can connect to his/her router. 
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2.4 Bundle of rights to use frequency 
With regard to the right to use a frequency, the access and withdrawal right depends on the 
devices (transceiver: transmitter and receiver). When users access a resource, they withdraw 
the product or consume the frequency. Thus, the access to frequency explains the access and 
withdrawal right of frequency. For example, the user makes a call from his/her mobile phone. 
The phone connects to the base station via a selected frequency. The selected frequency is 
occupied by the user. After hanging up, the selected frequency can be used by others. 
The access right in an operational situation is defined by the network operator that defines the 
network rule to access the frequency in terms of the technical specification or standard. The 
network operator acts as both proprietor and claimant with the management and exclusion 
right to define how, when, where, and who can access the frequency. For example, when a 
user makes a call from his/her mobile phone, the operator specifies which standard and 
technology the phone and the SIM card will use. 
An alienation right is defined as ownership that can be sold, leased, or transferred. For 
example, the frequency auction in the primary market and frequency trading in the secondary 
market provide ownership of frequency for the owner to trade. Normally, the alienation right 
is defined by the authority, regulator, or administrator. 
In Table 6, stakeholders are divided into the three levels. Applying the idea from Table 6, the 
bundle of rights for each stakeholder reveals the rights to use frequency shown in Table 7. 










Access and withdrawal x x x x x 
Management x x x   
Exclusion x x x x  
Alienation x x    
Assignment approach  Market-based Command-and-control Spectrum commons Spectrum commons 
Source Ard-paru (2010), Table 12 
In a constitutional situation, the regulator, administrator, or authority holds all the rights to 
frequency use, including access, withdrawal, management, exclusion, and alienation rights. 
Once the regulator delegates authority, using the market mechanism to assign frequency, the 
alienation right passes to a collective choice or institutional situation, i.e., Operator A. 
Operator A is able to sell, lease, or transfer frequency to another party. Operator B, however, 
cannot sell because the regulator still holds the alienation right. Thus, frequency assignment 
using the command-and-control approach means that Operator B must ask the regulator for 
approval to transfer the frequency, e.g., 2G frequency assignment in Thailand. Operator A 
represents frequency assignment using the market-based approach, including primary trading 
(auction) and secondary trading (resale). Operator A has the freedom to transfer frequency 
without regulatory approval, e.g., 3G auctions in the UK and the USA. 
In a collective-choice or institutional situation, the management and the exclusion rights are 
held by the providers, operators, or standard-setting units. They set up their network rules on 
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how, when, and where to harvest frequency reflected by technology or device choices. For 
example, mobile phone operators set their standard of network and equipment to allow only 
their consumers to use the network. The advanced user (in the operational situation), however, 
sets his/her own rules that allow access to the frequency. For example, advanced users of Wi-
Fi routers can set their own security code for network access. 
In an operational situation, access and withdrawal rights are held by users. Users have to use 
devices according to the standard preset by the operators. 
As for the right to use frequency, the assignees, and command-and-control and market-based 
approaches have the exclusive right to use frequency, but spectrum commons has a non-
exclusive right. For the exclusive right, assignees have priority to use it free of interference. 
For the non-exclusive right, however, users have to share and accept interference. Exclusivity 
should be added to the property rights for the right to use frequency. 
The level of deregulation of the right to use frequency from the regulator in the constitutional 
situation can be delegated to operators in the collective-choice or institutional situation, and 
users in the operational situation. The regulator can use the market-based approach to delegate 
alienation rights to operators. Thus, the operator can obtain the frequency from primary and 
secondary markets. The operator has the flexibility to sell, lease, or transfer frequency. In the 
operational situation, the regulator can delegate its authority of self-regulation after defining 
the necessary conditions, including frequency, power limitation, and standard of devices. 
Thus, users have to manage the use of frequency.  
Relationship between the bundle of rights to use frequency and the IAD framework 
The bundle of rights to use frequency in Table 7 can be categorized into two levels of 
analysis: operational and collective-choice situations. In the operational situation, there are 
access and withdrawal rights to use frequency to perform day-to-day activities to use the 
radiocommunication devices. In the collective-choice situation, there are management, 
exclusion, and alienation rights to use frequency to define the rules on abilities to access, 
withdraw, change, sell, and lease the frequency. 
Comparing the IAD rules-in-use and action situation at each level with the bundle of rights to 
use frequency, the action situation uses the radiocommunication device.  
In the operational situation, the boundary rules are defined by access and withdrawal rights 
indicating who can access and use the frequency. The position rules are the regulator, 
Operator A, Operator B, advanced user, and General user. The choice rules are the option to 
use frequency: access and withdrawal frequency. The interactions between user and 
radiocommunication devices have been predefined according to the rules in the collective-
choice situation. The information, aggregation, payoff, and scope rules are the interactions of 
users and devices, i.e., to use or not use the devices. 
In the collective-choice situation, the action situation changes the rules or revises the use of 
frequency, including how to access, withdraw, change, sell, and lease the frequency. The 
boundary rules are similar to those in the operational situation: access withdrawal rights. 
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However, the position rules are limited to the regulator, Operator A, Operator B, and the 
advanced user. As for the position rules, only the regulator and Operator A have a full choice 
of actions to access, withdraw, change, sell, or lease the frequency. Operator B has no right to 
sell or lease the frequency. The advanced user has the additional right to identify the person 
who can access and use the frequency. The interactions between actors on rule changing 
represent information, aggregate, payoff, and scope rules. The outcome is the possible rule 
changes for using frequency. 
Table 8 shows the rights to use a frequency and the regulated level. 
Table 8. Rights to use frequency  
                          Property right 
Regulated level 
Exclusive use Non-exclusive use 
Centralized by regulator/state agency Command–and-control Public commons 
Middleman/operator Market-based Private commons 
Self-regulated/user - Unlicensed 
Source: Ard-paru (2010), Table 13 
The command-and-control assignment approach means that regulators hold all the rights to 
use frequency while assigning frequency to assignees. The assignee has the exclusive right to 
use the frequency with all the imposed conditions. Assignees have limited opportunities to 
change the use of frequency. 
The market-based approach is the assignment method in which assignees can buy frequency 
from the primary and secondary market. The assignee has the exclusive right to use the 
frequency. The regulator gives away the alienation right to the assignee and this right can be 
sold, leased, and transferred. Thus, it is more flexible than the command-and-control 
approach. Some necessary conditions should be imposed on the use of frequency, however, 
such as the standard of devices. 
The next three categories have non-exclusive rights to use frequency. This means that users 
have to share frequency. At the regulated level, it includes management and exclusion rights. 
When a state agency or government manages the frequency use, it is public commons. When 
the operator manages the frequency use, it is private commons. When users manage the 
frequency use, it is unlicensed. 
2.5 Summary 
This chapter presents the IAD framework, three worlds of action in spectrum management, 
and bundles of rights to use frequency. 
This study describes the elements of the IAD framework, including exogenous and 
endogenous variables. The independent variables are exogenous and endogenous variables. 
Exogenous refers to the external variables that influence the action situation, including 
biophysical conditions, attributes of community, and rules-in-use. Endogenous refers to the 
internal variable that is directly connected to rules-in-use. There are seven rules, including 
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boundary, position, choice, payoff, information, aggregation, and scope rules. The dependent 
variable is the potential outcomes. 
The IAD physical condition explains the characteristic of spectrum as three types of goods, 
i.e., public, private, and common-pool goods depending on the method of spectrum 
assignment with the level of subtractability and cost of exclusion. 
When the spectrum is allocated to services in the TFA, the unassigned spectrum is public 
goods because everyone can use it without separation from others. However, it is costly to 
exclude others from its use. Therefore, unassigned spectrum has a low level of subtractability 
and high cost of exclusion. 
When the spectrum is assigned by command-and-control or market-based approaches, the 
assigned spectrum is private goods because the NRA gives the exclusive right to use 
frequency to licensees. This spectrum has a high level of subtractability and low cost of 
exclusion because when the licensees obtain spectrum others cannot use it. 
When the spectrum is assigned by the spectrum commons approach, the NRA gives a right to 
use frequency to the public, such as unlicensed spectrum. No one has the exclusive right to 
use this frequency. Everyone has the ability to use this frequency (high level of 
subtractability) and the cost is high to exclude others while using it. The unlicensed frequency 
is therefore common-pool goods. 
Moreover, three worlds of action provide the interrelation between levels of action: 
constitutional, collective-choice, and operational situation. These levels of action provide the 
link to how the rules-in-use at the higher level influence the lower level. 
This study illustrates three worlds of action in spectrum management by mapping the levels of 
action and the stakeholders. For the constitutional situation, the administrator, regulator, and 
authority provide international and national regulation as the scope of spectrum management. 
In the collective-choice situation, the operator, provider, and standard-setting organization 
comply with the given regulation from the constitutional situation in order to create their 
collective-choice situation regulation such as the network rules or standard of equipment. For 
the operational situation, users buy the equipment and use it according to the specified 
standard and regulation. 
This study demonstrates the bundle of rights to use a frequency as the application from the 
IAD framework in the collective-choice and operational situation. The bundle of rights to use 
a frequency can also be divided into five rights: access, withdrawal, management, exclusion, 
and alienation rights. The access and withdrawal rights to use a frequency can be combined, 
however, due to the technical characteristics of the transmitter, receiver, and transceiver. 
When the transceiver is switched on, it operates or accesses the specified frequency and uses 
the frequency for the specified service. This means that transceivers combine access and 
withdrawal rights to use the frequency at the same time. 
In an operational situation, general users hold access and withdrawal rights to use frequency 
by selecting devices (transmitter, receiver, or transceiver) that follow specified conditions. 
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Advanced users hold an additional exclusion right to determine who can use the frequency by 
applying a username and password. 
In a collective-choice or institutional situation, operators, providers, and standard-setting 
organizations hold additional management and exclusion rights that specify how, when, and 
where a frequency can be used in terms of the standard of device, technology, SIM card, etc. 
In a constitutional choice situation, the authority, administrator, or regulator has all the rights 
to frequency use and to specifying regulations. When the regulator decentralizes the alienation 
right, however, by using the market mechanism, the operator at the collective choice level can 
obtain the frequency from primary and secondary markets. 
The exclusive right to use frequency is a key point to separate the three spectrum assignment 
approaches: command-and-control, market-based, and spectrum commons. The command-
and-control and market-based approaches have an exclusive right to use frequency, but 
spectrum commons has a non-exclusive right. The regulated level indicates the 
decentralization of regulators. Regulators may give away some rights to the operator or end-
user. Thus, both the exclusive right and the regulated level help to explain the differences 
between these approaches. When the regulator holds the alienation right, the approach is 
command-and-control. When the regulator delegates the alienation right via primary and 
secondary markets, the approach is market-based. 
In the category of non-exclusive rights to use frequency, the regulated levels range from 
regulator, operator, and end-users, i.e., public commons and private commons, to unlicensed. 
Public commons has a state agency to manage frequency, such as a municipality or local 
administrator, etc. Private commons has private entities to manage frequency, such as a  
Wi-Fi operator in a hotel, airport, department store, etc. Unlicensed spectrum is self-regulated. 
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Chapter 3 Methodology 
This chapter concerns the available data, the mode of data collection, and the methods used in 
data analysis. 
Table 9 shows the summary of the methodology that has been used in Papers I, II, and III. 
Table 9. Methodology summary 
Methodology Paper I Paper II Paper III 
Data and data collection method Primary/ 
Secondary data 
Secondary data Secondary data 
 





All papers use the IAD framework for data analysis, but the data and data collection methods 
are different. The details of the differences are discussed below. 
3.1 Data and data collection method  
Paper I uses both primary and secondary data. The primary data are sourced from 
observations made while attending the selected Project Team A (PT A), the European 
Conference of Postal and Telecommunications Administrations (CEPT) preparatory group 
(CPG), the Asia-Pacific Telecommunity (APT) preparatory group (APG), and the World 
Radiocommunication Conference 2012 (WRC-12) meetings. The primary data from 
participant observation help to analyze the rationale behind RR provision changes.  
The primary data are obtained from participant observation and transcription of voice 
recordings from the meetings. Voice transcriptions provide the rationale for the argumentation 
and its resolution. 
Such observations provide an internal view or meeting perspectives (Flick, 2009, pp. 226-
233). However, Flick identifies the limitations of such observations, in particular, the 
difficulty of systematizing the status of meetings while maintaining distance. Moreover, 
observers must be limited to what can be observed. Additional interviews of situations can 
help in understanding processes. 
The secondary data are sourced from the ITU, CEPT, and APT archives. The ITU archives 
include all the versions of the RR, including 1906, 1912, 1927, 1932, 1938, 1947, 1959, 1968, 
1971, 1976, 1982, 1986, 1990, 1994, 1996, 1998, 2001, 2004, 2008, and 2012. All ITU 
documents can be accessed through the ITU History Portal 
(http://www.itu.int/en/history/Pages/default.aspx), including the PP (complete list of 
Plenipotentiary Conferences), Radiocommunications collection (complete list of 
Radiotelegraph & Radiocommunication conferences), and RR (complete list of Radio 
Regulations). Conversion of the TFA for alternative versions of the RR into Excel sheets 
provides a record of the frequency bands by services and band development. Moreover, the 
ITU structure development is based on the relevant literature and is cross-checked with the 
relevant Plenipotentiary Conferences (PP) document.  
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Paper II uses secondary data. Secondary data are sourced from the ITU, and NBTC archives. 
The ITU archives include all versions of the RR, including 1906, 1912, 1927, 1932, 1938, 
1947, 1959, 1968, 1971, 1976, 1982, 1986, 1990, 1994, 1996, 1998, 2001, 2004, 2008, and 
2012.  
Paper III uses secondary data. The secondary data were sourced from the ITU and National 
Telecommunications Commission (NTC) archives. The NTC archives include the minutes of 
the National Frequency Management Board (NFMB), and the PTD and ministerial 
regulations. The relevant literature and public consultation of the Radio Spectrum Policy 
Group on “Aspects of a European Approach to Collective Use of Spectrum” was posted on 
June 10, 2008 and closed on September 29, 2008.´ 
The data are secondary and qualitative in nature. The secondary data archive approach is due 
to Rutkowski (2011). Rutkowski downloaded principal data from the ITU History Portal. The 
data allowed examination of versions of the regulations to enable the identification of key 
definitions and provisions by RR versions. Rutkowski’s analysis enabled the identification 
and links to detect any differences in the text. Rutkowski applied this method to cyber 
security and to find where such text amendments arose. 
The benefit obtained from applying the Rutkowski approach is that mapping the archive over 
time improves the understanding of the context in which regulations developed. 
In order to use documents as secondary data, Flick (2009) provides guidelines on how to 
select suitable analysis documents by the criteria: authenticity (applied to both primary and 
secondary data), credibility (official or personal), representativeness (typical or non-typical), 
and meaning (text clarity). 
Document authenticity depends on the data source. If information is obtained from primary 
data sources and is documented by witnesses, then authenticity is “high.” When data are 
obtained from a secondary data source and documented from primary data, the authenticity of 
the document is “medium” or “low.” Document credibility depends on the type of document. 
For official documents, credibility is “high.” Naturally, for personal documents, credibility is 
“low.” Representativeness is measured by document type. When documents are recorded for 
specific purposes, representativeness is non-typical. If the document is for general purposes, 
representativeness is typical. The document’s meaning depends on its clarity. 
To summarize, primary data obtained from meetings are considered “participant 
observations” of the PT A, CPG, APG, and WRC-12 meetings. These observations provide 
insight, interaction, and dynamic and current practice of regional preparatory groups and 
WRC. The constructed template standardizes the participant observation recording process. 
Secondary data obtained from the ITU, CEPT, APT, NTC, PTD, NFMB, and NBTC archives 
provide a high degree of authenticity and credibility. Furthermore, documents’ 
representativeness depends on their purpose. The purpose may be general (typical) or specific 
(non-typical). In this study, the documents are specific. The representativeness of this study is 
also mainly non-typical. The meaning of documents is also measured by document clarity. 
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3.2 Data analysis  
Paper I  
Data analysis explains action situations, i.e., how decisions are made at the WRC meetings. 
This study starts from a list of IAD questions that should be considered as a basis on which to 
analyze the ITU, CEPT, and APT archives, and guide participant observations. 
Paper II 
Data analysis explains the level of analysis and outcomes, i.e., how international regulation is 
transformed into national regulation. This study starts from a level of analysis and outcomes 
that includes the constitutional, collective-choice, and operational situation, to understand the 
transformation from the RR into NBTC regulation. 
Paper III 
Data analysis explains the bundle of rights to use a frequency for spectrum commons in 
Thailand. This study applied three levels of action by Kiser and Ostrom (1982), providing a 
metatheoretical framework addressing the relationship between instructional arrangement, the 
individual, and the bundle of property rights regime.  
The IAD framework provides seven elements of institutional analysis: biophysical conditions, 
attributes of community, rules-in-use, action situation, interactions, outcomes, and evaluative 
criteria. Moreover, the interaction between level of analysis and outcomes provides four 
levels: metaconstitutional, constitutional, collective-choice, and operational situation, to 
understand the influence of rules-in-use in the deeper layer on other layers. However, this 
study applies three levels of analysis, namely constitutional, collective-choice, and operational 
situation for the transformation of international regulation into national regulation. 
3.3 Approach 
All three papers use a deductive approach from the IAD framework in different contexts.  
The study applies the IAD framework by using its variables, both exogenous and endogenous. 
Moreover, three levels of analysis and outcome, i.e., constitutional, collective-choice, and 
operational situation are applied. The independent variables of an action situation are 
biophysical condition, attribute of community, and rules-in-use. Inside an action situation, the 
independent variables are actors (position rules), positions (position rules), actions (choice 
rules), flow of information (information rules), control over action or stances (aggregate 
rules), cost and benefit of actions (payoff rules), and possible outcome (scope rules). The 
dependent variable is potential outcomes. 
The IAD framework provides each variable as the list of concerned questions applying to the 
action situations. The study selects the object of study as an action situation in different 
circumstances. Table 10 presents the independent and dependent variables, level of analysis, 
and action situations of this study. 
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Table 10. IAD independent and dependent variables 
IAD variables Paper I Paper II Paper III 
Independent    





Norm, culture, and tradition of 
ITU and Member States 
Norm, culture, and tradition of 
ITU and Thailand 
Norm, culture, and 
tradition of Thailand 
Rules-in-use  RR: definition of ISM 
application, footnotes 5.138 
and 5.150, and relevant 
frequency bands (TFA) 
 
Boundary ITU membership Thai telecom industry Access and withdrawal 
right 
Position HoD, regional rep., chair, 
secretary 
NRA, operator, manufacture, 
standard-setting organization, 
users 
NRA, Operator A, 
Operator B, advanced 
users, end-users 
Choice Support, oppose, neutral Adopt or not adopt rules Use or not use device/ 
Rule changes 
Payoff Cost and benefit Link to action situation Link to action situation 
Information Public or informal information 
flow 
Link to action situation Link to action situation 
Aggregate Control over choice Link to action situation Link to action situation 
Scope ADD, MOD, SUP, NOC Link to action situation Link to action situation 
Interaction Link to action situation Link to action situation Link to action situation 
Evaluation criteria Link payoff rules Link payoff rules Link payoff rules 
Dependent    
Action situations WRC-12 Agenda Items 1.19 
and 1.22 (Negotiation) 
Transformation of spectrum 
commons regulations (Adopt 
or not adopt rules) 
Implementing spectrum 
commons (Use or not 
use device/ Rule 
changes) 
Potential outcomes RR revisions NBTC regulations: Thai TFA 
and NBTC unlicensed 
regulations 
Bundle of rights to use 
frequency 
Note: HoD-Head of Delegation, Rep.-Representative, ADD-Addition, MOD-Modification, SUP-Suppression, NOC-No change 
Paper I, the action situation in WRC-12 Agenda Items 1.19 and 1.22 is the study object, 
including the WRC preparatory process (agenda setting and study process). The independent 
variables of the exogenous variables are spectrum characteristics (biophysical condition), ITU 
and Member States culture and tradition (attribute of community), ITU and Member States 
regulations (rules-in-use). These variables directly influence the action situation at WRC-12. 
In the action situation for WRC-12 Agenda Items 1.19 and 1.22, the independent variable of 
the exogenous variable is directly influenced by the endogenous variable, which is 
represented by seven rules: boundary, position, choice, information, aggregate, payoff, and 
scope. The dependent variable is a potential outcome. 
The WRC-12 Agenda Items 1.19 and 1.22 action situations are conducted in the constitutional 
situation at international level. 
In Paper II, the action situation is the transformation of spectrum commons regulation from 
the RR into the NBTC regulation. The relevant level of analysis and outcomes is in the 
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constitutional situation between the international and national level. The transformation is part 
of the IAD rules-in-use between the international and national level. 
The independent variable is the rules-in-use at international level as for the RR. The 
dependent variable is the NBTC regulations. The transformation of spectrum commons 
regulations in the RR is the definition of the ISM application, footnotes 5.138 and 5.150, and 
relevant frequency bands. The NBTC spectrum commons regulations are the Thai TFA and 
NBTC unlicensed regulations as dependent variables. 
In Paper III, the action situation is the implementation of spectrum commons at national level 
in terms of the bundle of rights to use frequency including the constitutional, collective-
choice, and operational situations. 
The independent variables are spectrum characteristic, Thai culture and tradition, and Thai 
law and regulation as exogenous variables that are influenced by the international regulation 
transformation. 
In the constitutional and collective-choice situations, the action situations are rule settings, 
including the NBTC Acts and regulations and Radiocommunication Act (constitutional 
situation), and standard of devices and network management rules (collective-choice 
situation). The use of radiocommunication devices with a bundle of rights to use frequency 
are included in collective-choice and operational situations. 
Paper I uses the IAD framework to understand the decision-making process at WRC-12. 
Paper II uses the IAD framework to transform the international regulation into national 
regulation in terms of the rules-in-use in the constitutional situation from the RR to influence 
directly the NBTC regulation, as the national regulation in Thailand. Paper III uses the IAD 
framework to understand the bundle of rights to use a frequency for spectrum commons in 
Thailand together with the stakeholder at each level of analysis and outcomes.  
To sum up, Paper I also applies the inductive approach from the participant observation at the 
meeting to induce the rationale of discussion as the reason behind the RR revisions. 
Paper III applies the inductive approach from understanding the advantages and disadvantages 
of spectrum commons in the relevant literature and RSPG consultations. 
To summarize, the study uses a deductive IAD framework to understand the decision-making 
process at WRC, the transformation of international into national regulation for spectrum 
commons in Thailand, and the bundle of rights to use a frequency for spectrum commons in 
Thailand. The study uses an inductive approach from the participant’s observation to 
understand the rationale behind the RR provision changes and the advantages and 
disadvantages of spectrum commons from relevant literature and RSPG consultation. 
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3.4 Summary 
This study uses both primary and secondary data. Primary data are from participant 
observation at PT A, CPG, APG, and WRC-12 meetings. Secondary data are from the ITU, 
CEPT, APT, NTC, PTD, NFMA and NBTC archives, relevant literature, and RSPG public 
consultations. 
This study analyzes secondary data with questions provided by the IAD framework. The IAD 
framework provides the independent variable, including boundary, position, choice, 
information, aggregate, payoff, and scope rules. The dependent variable is the outcome of the 
action situation. The questions identify the limitations of the ITU, CEPT, and APT archives. 
These gaps can be closed with information obtained from the participant observations. 
However, the participant observations are limited to the current meetings (Paper I). 
This study analyzes secondary data according to the IAD framework to understand the 
transformation of international into national regulation and the interaction between the level 
of analysis and outcomes for spectrum management activities and relevant stakeholders 
(Paper II). 
This study analyzes secondary data for the bundle of rights to use a frequency for spectrum 
commons and identifies the advantages and disadvantages of spectrum commons from the 
author’s perspectives (Paper III). 
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Chapter 4 Summary of appended paper  
This chapter presents the main contributions from three papers, including the development of 
RR provisions, the transformation of international into national regulation for spectrum 
commons in Thailand, the development of spectrum assignment for commons in Thailand, 
and the bundle of rights to use spectrum commons. 
4.1 Paper I 
Paper I Ard-paru, N. (2012). Information and coordination in international spectrum 
policy: Implication for Thailand. Retrieved from http://www.lib.chalmers.se 
(ISBN 978-91-980300-3-7). 
In order to study the international spectrum policy, the study focuses on WRC-12 Agenda 
Items 1.19 and 1.22 regarding SDR, CRS, and SRD representing spectrum commons as an 
object of study. 
The study contains the main research, i.e., How is international spectrum policy developed 
and affected by the lack of more detailed documentation? To fulfill the main research 
question, four sub-research questions are posed. 
Sub-research question 1: How is international spectrum policy set in terms of the ITU 
structure, WRC, and RR, and how did it develop? 
The findings of this sub-research question identify the relevant stakeholder of the ITU and 
WRC that constitutes the main player to change the RR provisions. The study selects the 
issues relevant to spectrum commons to demonstrate the whole process of WRC, describing 
the critical procedure in the WRC agenda setting and study processes. 
The study responds to the first sub-research question in four parts: (1) ITU structure 
development; (2) RR development; (3) WRC agenda setting; and (4) WRC study process. 
ITU structure development (Chapter 4) 
The study provides the ITU structure development since 1865, from the International 
Telegraph Union to ITU via the International Telegraph Conference, International 
Telecommunication Conference, and PP. The major change to the ITU structure is a result of 
the study by the High Level Committee during 1989-1992. The current ITU structure is the 
decision of the APP1992 and its amendments (1994, 1998, 2002, and 2006). 
RR development (Chapter 5 and appendices) 
The study further explores the ITU archives, including the input and output of the WRC 
proceedings and RR versions, to construct its own database. The keywords are used to keep 
track of the RR provisions, and the TFA provides the RR developments in Chapter 5 and 
Appendices A, B, C, D, E, F, G, H, I, and J. The results of the exploration also confirm that 
the ITU archives are incomplete: they lack the rationale behind the RR provisions. 
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This study provides a review of the WRC and RR developments in terms of: (1) key 
definitions (telecommunication, radiocommunication, and radio waves), (2) important 
provisions (choice of apparatus, frequency assignment provision, licenses, allocation, 
allotment and assignment, priority of services, radiocommunication services, and 
radiocommunication station), and (3) frequency band developments (maritime mobile service, 
MMS; maritime mobile-satellite service, MMSS; broadcasting service, BS; broadcasting-
satellite service, BSS; fixed service, FS; fixed-satellite service, FSS; mobile service, MS; 
mobile-satellite service, MSS; space research service, SRS; and earth exploration-satellite 
service, EESS). 
Furthermore, this study explores the ITU archives to explain the process of RR revision, 
including the WRC agenda setting and study processes. The study also illustrates the WRC-12 
preparatory process as the WRC standard process. The results of the WRC agenda-setting 
process and WRC study process are presented in Chapters 6 and 7, respectively. 
WRC agenda-setting process (Chapter 6) 
The WRC agenda-setting process provides a standard for ITU to prepare the WRC agendas 
for the next and future WRCs in the conference preparatory meeting (CPM) report. The WRC 
agenda-setting process has two study cycles for preparation, i.e., the next and future WRC 
agendas in the CPM report. The whole WRC agenda-setting process takes eight years.  
However, the last WRC is the crucial forum in which the next WRC agenda is approved 
before the Council approval. This means that the agenda items, including the CPM report, for 
the next and future WRCs are not guaranteed inclusion in the final version of the WRC 
agenda by the last WRC approval. Interested Member States with limited resources should 
pay attention to the last WRC that is finalized in the next WRC agenda. 
WRC study process (Chapter 7) 
The WRC study process for WRC-12 Agenda Items 1.19 and 1.22 provides the output of the 
discussion from the ITU study group (SG) and the issues of these agenda items that use one 
WRC study cycle. The output from the SG is presented in the CPM report as the options for 
Member States to decide on at WRC-12. Moreover, the output from the Radiocommunication 
Assembly-12 (RA-12) provides additional information for Member States to consider at 
WRC-12 
Sub-research question 2: What information would be most useful for making the decision? 
The findings of this sub-research question demonstrate the missing information during the 
decision-making process at WRC by applying the IAD framework to the WRC context. The 
study focuses on WRC-12 Agenda Items 1.19 and 1.22 in the national and regional 
preparatory meeting, and WRC-12 as the object of study for spectrum commons. 
This study responds to the second sub-research question, which has three parts: (1) the IAD 
framework application in the WRC context, (2) the national and regional preparatory 
meetings for WRC, and (3) WRC-12 Agenda Item 1.19. 
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This study proposes the use of the IAD framework as the outline for a question within the 
action situation: WRC and relevant meetings. The justification for the IAD framework is also 
described and prescribed in Chapters 2 and 9. The results of the IAD framework application, 
indicating the limitation of the ITU archives, lack the dynamic situation or discussion in the 
meetings. 
However, the IAD framework only provides a list of relevant questions, not the detailed 
content of the discussion. The participant observations by the author were pursued to capture 
the debate inside the meetings, as the missing information was left out of the ITU archives. 
IAD application to the WRC context (Chapters 2 and 9) 
The results of the IAD analysis show that the ITU archives are incomplete, because they lack 
the rationale underlying the RR provisions. The study further expands the element of the IAD 
framework to complete the missing information: the interaction or discussion comprising the 
attributes of community (common understanding between participants at the meetings), 
choice rules (the options that are available at the meetings), payoff rules and evaluative 
criteria (the evaluation of the option according to the choice rule), information rules (the 
information exchange in the meetings), aggregate rules (the control of the Member States’ 
stance at the meetings), and action situation and interaction (discussion at the meeting). 
This study also explains the limitations of the ITU archives that can be fulfilled by participant 
observation via attending meetings. However, the observation is only applicable to the 
situation in question. 
This study also demonstrates the application of the IAD framework to the informal group (IG) 
IG6A2 1.19 at WRC-12 to show the missing information from the ITU archives. 
National and regional preparatory meeting (Chapter 6) 
The national and regional preparatory work assists the WRC preparatory process before 
WRC. The study elaborates on Thailand and Sweden as national preparatory processes and 
the APG and CPG as regional preparatory processes on WRC-12 Agenda Items 1.19 and 
1.22.  
During the discussion, the rationale on how this process changes, as well as the missing 
information, is available to attending Member States. The author participated in the national 
and regional preparatory meetings, providing the information that was missing from the 
archives.  
This study also presents the missing information for WRC-12 Agenda Items 1.19 and 1.22 
during the CPG, APG, and WRC-12 in Chapters 6, 8, and 9. 
WRC-12 Agenda Items 1.19 and 1.22 (Chapters 7 and 8) 
This study presents the details of WRC Agenda Items 1.19 and 1.22 from the ITU preparatory 
work, including the SG and RA. These two agenda items regarding SDR, CRS, and SRD 
represent spectrum commons at WRC-12. 
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This study also addresses the missing information during the discussion of WRC-12 Agenda 
Items 1.19 and 1.22. This missing information can be captured at sub-working group (SWG) 
and IG levels. The author attended the relevant meetings on WRC-12 Agenda Items 1.19 and 
1.22 to illustrate the missing information from the ITU archives, which is the rationale 
underlying the discussion and is available only to attending participants. 
The missing information during the discussions in informal meetings creates information 
asymmetry between attending and non-attending Member States. Moreover, the missing 
information at the SWG and IG meetings is not documented in the ITU archives. The 
information matters when the issue could change outcomes or propose new options. When 
such an issue continues to the next or future WRCs, the information matters to non-attending 
Member States that need it to prepare and develop their position at the relevant meetings if the 
issue has a strong effect on their interests. 
The demonstration of WRC-12 Agenda Items 1.19 and 1.22 fulfills the ITU archives in terms 
of the Member States’ discussions at the SWG and IG meetings. These discussions contain 
the rationale underlying the RR revisions. Moreover, the identification of the missing 
information for WRC-12 Agenda Item 1.19 also highlights the effects on the international 
spectrum policy at a higher level, such as at the WG, COM, and plenary. 
Sub-research question 3: How does the missing information affect international spectrum 
policy? 
The findings of this sub-research question demonstrate the importance of missing information 
during the decision-making process at WRC. The study focuses on WRC-12 Agenda Items 
1.2, 1.19, and 1.22 in the national and regional preparatory meeting, and WRC-12 as the 
object of study for spectrum commons. 
This study responds to the third sub-research question and has two parts: (1) the importance 
of WRC-12 Agenda Items 1.2, 1.19 and 1.22, and (2) a demonstration of the effects on 
international spectrum policy. 
Importance of WRC-12 Agenda Items 1.2, 1.19, and 1.22 
This study also presents the importance of the missing information with regard to the WRC-
12 Agenda Item 1.2 from Thailand’s perspective, in order to illustrate how the missing 
information affects Thailand’s position in relation to further developing the argument for this 
agenda item in Chapters 1 and 8.  
Moreover, the current situation of the FS and MS in Thailand is also provided as basic 
information to analyze the impact or consequences of FS and MS convergence. The 
background to the definition development of FS, fixed station, and mobile station for the 
ongoing issue to WRC-15 is also presented in Chapter 8. 
This study presents the importance of WRC-12 Agenda Items 1.19 and 1.22 to Thailand as 
basic information to analyze the effects or consequences of the RR revisions in Chapter 7. It 
also considers the usefulness of the missing information in terms of WRC-12 Agenda Item 
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1.19 in demonstrating the valuable information to non-attending Member States that prioritize 
this agenda item in Chapter 9. 
Effect on international spectrum policy 
This study demonstrates the effects on Thailand of the missing information in WRC-12 
Agenda Items 1.2 and 1.19 in terms of its importance as basic information to analyze its 
impact at the meeting and for ongoing issues for the next or future WRCs. 
Moreover, the demonstration of the missing information in WRC-12 Agenda Item 1.19 at the 
SWG meeting influences non-attending Member States, as it is additional information to 
decide on at WRC-12. 
The missing information represents the rationale of the RR revisions or the issues at the 
meeting and provides an understanding for Member States to develop further argumentation 
at the relevant meeting for ongoing debates or implementations, such as the RR provisions. 
Sub-research question 4: How can the existing ITU archives be improved or completed? 
The findings of this sub-research question propose policy recommendations to improve the 
ITU archive. 
This study responds to the fourth sub-research question in the form of policy 
recommendations. 
This study proposes four possibilities for completing the missing information in the ITU 
archives: (1) the meeting record together with the webcast archives, (2) minutes of the 
meeting below the level of the plenary session, (3) full utilization of the SharePoint Site 
during WRC, and (4) connection with a regional representative on each WRC agenda item, 
such as Member State networking. The study presents the results in Chapters 6 and 9. 
Learning from IAD framework 
The IAD framework helps in understanding the RR revision process by providing a list of 
relevant questions as independent and dependent variables in an action situation. The action 
situation is the decision in WRC-12 Agenda Items 1.19 and 1.22. The potential outcome is the 
RR revision as a dependent variable. The independent variables are representing by 
exogenous and endogenous variables. The exogenous variables are physical condition, 
attribute of community, and rules-in-use. The endogenous variables are directly connected 
with rules-in-use including boundary, position, choice, payoff, information, aggregation, and 
scope rules. 
The IAD framework provides the systematic approach to explain the action situation of WRC, 
indicating the ITU archive limitation (lacking of rationale of RR revision). In other words, 
these variables explain the decision-making process at WRC-12 in terms of understanding the 




The physical condition represents the study object of the decision situation at WRC-12, i.e., 
the spectrum as the public goods, because the spectrum at WRC is allocated to services inside 
the TFA. 
The attribute of community represents the common understanding at WRC, including the 
norm, culture, and tradition of the ITU and Member States. 
The rules-in-use, represented by seven rules, explain the interaction at WRC, including actors 
(ITU membership), positions (head of delegation, delegate, regional representative, chairman, 
or secretary), and actions (support, oppose or neutral to meeting proposals), with direct 
connection to their cost and benefit of actions, information flow, and control over actions 
during negotiation. The possible outcomes of each proposal are addition, modification, 
suppression, or no change to the RR provision. 
Dependent variables 
The potential outcomes of the negotiation are RR revisions as the dependent variables of the 
action situation on each issue. 
The IAD variables explain the decision-making situation at WRC-12 and indicate the 
limitation of ITU archive, which does include the rationale behind RR revision. These 
variables indicate the difference between the ITU archive and participant observation at 
WRC-12 and strengthen the understanding of the decision situation at WRC-12. 
4.2 Paper II 
Paper II Ard-paru, N. (2012). Managing spectrum commons in Thailand: Allocation 
and assignment challenges. Retrieved from http://www.lib.chalmers.se  
(ISBN 978-91-980300-3-7). 
The main research question is “How is the Radio Regulations transformed into National 
Broadcasting and Telecommunications Commission regulation for spectrum commons 
in Thailand?”. In order to answer this research question, the five sub-research questions are 
as follows: 
Sub-research question 1: What are the main applications and technologies for spectrum 
commons? 
The findings of this sub-research question present the main applications and technologies for 
spectrum commons, i.e., SRD, SDR, and CRS.  
This study responds to the first sub-research question by providing the main applications and 
technologies for spectrum commons in terms of SRD, SDR, and CRS. The study concentrates 
on applications and technologies relating to ISM applications using the frequency band 
according to RR Nos. 5.138 and 5.150. 
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The main characteristics of the SRDs are non-interference and non-protection. Most SRDs use 
the ISM band, especially footnotes 5.138 and 5.150. Moreover, the power limitation in terms 
of magnetic and electric field strength and maximum power level varies from country to 
country. The allocation of frequency band to the ISM band is done at WRC. However, 
authorization of the use of SRDs is granted locally by the NRA. SRDs migrate national to 
international issues when unlicensed SRDs are transported from one country to another that 
does not allow the use of such SRDs. The use of unlicensed SRDs in countries where they are 
not permitted creates interference with existing services. However, regional and global 
harmonization of frequency bands may be possible. 
The characteristics of CRS are obtained from the operational environment, changing the radio 
operational parameter simultaneously and automatically by software, and learning from 
experience to improve its performance. SDR is enabled technology for CRS because the 
characteristic of SDR is the ability to change the radio operational parameter simultaneously 
and automatically by software. 
The characteristic of CRS provides the non-exclusive right to use a frequency that is the same 
as a spectrum commons characteristic. Therefore, SDR and CRS are the main technologies for 
spectrum commons. 
Sub-research question 2: What is the spectrum allocation for spectrum commons and ISM 
applications, and how did they develop? 
The findings of this sub-research question present spectrum commons allocation development 
in terms of ISM band development.  
This study responds to the second sub-research question by elaborating on the result of 
international negotiations or the result of WRC in the form of the RR revision for spectrum 
allocation for radiocommunication services.  
Spectrum commons are allocated in ISM application footnotes 5.150 and 5.138. Most of the 
short-range or low-power devices use the frequency under these provisions with non-
exclusive use of frequency. 
The current ISM bands are 6 765-6 795 kHz, 433.05-434.79 MHz, Region 2, 61-61.5 GHz, 
122-123 GHz, 244-246 GHz, for 5.138; and 13 553-13 567 kHz, 26 957-27 283 kHz, 40.66-
40.70 MHz, 902-928 MHz, Region 1, 2 400-2 500 MHz, 5 725-5 875 MHz, and 24-24.25 
GHz for 5.150. 
The first allocation was for low-power stations in the European region in RR1938 and ceased 
in RR1947. Most of the ISM bands were developed in RR1982 and continued to be used until 
RR2012. 
This study shows the development of each ISM band and indicates the differences between 
them. Footnote 5.138 requires special authorization to operate, while footnote 5.150 allows 
other services to share the same frequency with acceptance of harmful interference from ISM 
applications. Neither 5.138 nor 5.150 provides the explicit ITU recommendation, however, 
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the relevant ITU-R recommendation is Recommendation ITU-R SM.1056-1: Limitation of 
radiation from industrial, scientific and medical (ISM) equipment. 
Sub-research question 3: What is spectrum assignment, especially spectrum commons, in 
Thailand, and how did it develop? 
The findings of this sub-research question present spectrum commons assignment 
development in Thailand.  
This study responds to the third sub-research question by exploring the NBTC archives, 
including the relevant NFMB minutes, and the PTD, NTC, NBTC, MOT, and MICT 
regulations. 
The study demonstrates the development of spectrum assignment in Thailand. Thailand has 
developed spectrum assignment from a command-and-control to a market-based approach. 
Spectrum was initially for use by a limited number of parties, first only the government 
agency and then it was extended to the general public. The development of the spectrum 
assignment agency in Thailand included the PTD, NFMB, MICT, NTC, ONTC, NBTC, and 
ONBTC, in order to change the authorization to a licensing scheme or command-and-control 
to market-based economics. 
The study also illustrates the development of spectrum commons in Thailand since the NFMB 
in terms of authorization of the use of 1-watt transmitters. The Ministerial Regulation allowed 
low-power devices with relevant licences. The PTD regulations allowed the use of WLAN 
indoor applications and extended this to outdoor applications. Finally, as the first unlicensed 
regulation in Thailand, the Ministerial Regulation of the Exemption of Radiocommunication 
Licences in 2004 allowed low-power devices without relevant licences. 
Sub-research question 4: How should spectrum commons regulation be transformed from the 
RR into national NBTC regulation? What are the challenges? 
The findings of this sub-research question demonstrate the transformation of the spectrum 
commons regulation from the RR into the NBTC regulations.  
The study responds to the fourth sub-research question by exploring the current RR2012 and 
Thailand TFA 2012 for ISM definition, footnotes 5.138 and 5.150, and TFA. Moreover, the 
study demonstrates the transformation from international into national regulations: 
There are two phases. Firstly, footnotes 5.138 and 5.150 are adopted in the Thai TFA, 
including the ISM definition, footnotes, and frequency bands. However, the definition of ISM 
applications is not explicitly shown in the Thai TFA. Both footnotes 5.138 and 5.150 are 
adopted, corresponding to frequency bands in Region 3 in the Thai TFA. 
The RR TFA represents the IAD rules-in-use in the constitutional situation, which influences 
the Thai TFA, in the form of rules-in-use in national regulation at the constitutional level in 
Thailand. In addition to the RR TFA influencing the use of spectrum commons in Thailand, 
national regulation, i.e., the Radiocommunication Act B.E. 2498 (1955), also represents the 
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rules-in-use in the constitutional situation in Thailand. The Radiocommunication Act 
prohibits the use of radiocommunication devices unless permission is granted by the 
authorities. 
Secondly, the development of national regulation allows the use of spectrum commons with 
regard to lower power radiocommunication. In 1975, the first spectrum commons was granted 
by the NFMB to the PTD allowing 1-watt transmitters for pagers and anti-theft devices. 
However, the use of these devices required relevant radiocommunication licences. Several 
additional national regulations have been developed over time to allow more frequency bands 
for spectrum commons with maximum power and technical specification. Ten current 
relevant NBTC regulations are shown in the previous section and categorized into Thailand 
footnotes: T-Unlicensed 1, 2, and 3 in Tables 22-24 with relevant radiocommunication 
licenses. In addition to the frequency bands specified by footnotes 5.138 and 5.150, other 
frequency bands were allowed to be used as spectrum commons in Thailand, including the 
frequency band lower than 135 kHz, 1.6-1.8 MHz, 30-50 MHz, 54-74 MHz, 88-108 MHz, 
165-210 MHz, 300-500 MHz, 920-925 MHz, 5.150-5.350 GHz, 5.470-5.725 GHz, 10-10.6 
GHz, 76-81 GHz, 72-72.745 MHz, 78-79 MHz, 245-246 MHz, 510-790 MHz, 794-806 MHz, 
925-920 MHz, 1 900-1 906 MHz, and 76-77 GHz. 
The challenges of transforming international regulation into national regulation both in terms 
of allocation and assignment are reflected by the advantages and disadvantages of spectrum 
commons. The challenges of the advantages are to maintain them in a sustainable way. The 
challenges of the disadvantages are to reduce them as much as possible. 
The study applies the IAD framework to understand the transformation from the RR into the 
NBTC regulation for spectrum commons in Thailand in terms of the definition of ISM 
applications, footnotes 5.138 and 5.150, and the frequency bands in the TFA. 
Sub-research question 5: How is the IAD framework relevant to spectrum management? 
The findings of this sub-research question illustrate the relevance of the IAD framework to 
spectrum management activities.  
The study responds to the fifth sub-research question by applying the IAD framework in 
terms of the level of analysis and outcomes to demonstrate the relationship between spectrum 
management activities at different levels of analysis. The study uses three levels of analysis 
and outcome, namely constitutional, collective-choice, and operational situations. 
The constitutional situation represents rule setting, review, and revision at international and 
national level that is directly influenced by the collective-choice and operational situation, 
including the RR (allocation and allotment of frequency), National Frequency Management 
Master Plan, TFA (planning and regulation), and international and regional cooperation. 
The collective-choice situation represents the ability to review and revise operational rules, 
including how to assign or license frequency, authorize equipment, charge license fees, and 
coordinate if interference occurs. Moreover, standard setting, assignment and licensing, and 
international and regional cooperation on the setting of rules are done at this level. Spectrum 
48 
monitoring and regulation enforcement are also performed to provide information back to 
spectrum planning. 
The operational situation represents day-to-day or routine work corresponding to the rules that 
have been specified in the collective-choice situation. The spectrum management activities at 
this level are assignment and licensing, equipment authorization, international and regional 
cooperation, national liaison and consultation, and support functions. 
The study also illustrates the IAD application to spectrum management activities by analyzing 
and describing the spectrum management activities according to aspects of the IAD 
framework, including physical condition (spectrum as public goods for allocation, spectrum 
as private and common-pool goods for assignment), attributes of community (a common 
understanding among stakeholders in spectrum management including ITU, Member States, 
manufacturers, operators, and end-users), rules-in-use (the RR, national regulation, network 
rules, standard of equipment), action situation and interaction (spectrum management 
activities between stakeholders: regulators, operators, manufacturers, standard-setting bodies, 
and end-users), outcome, and evaluative criteria (efficient use of spectrum and the balance of 
benefit between stakeholders). 
Learning from the IAD framework 
The IAD level of analysis and outcomes help in understanding the differences and 
relationship between international and national regulations in the constitutional situation. The 
international regulation, i.e., the RR, is the independent variables of the national regulations, 
i.e., the NBTC regulations (a dependent variable). The IAD framework helps to explain the 
RR as rules-in-use (exogenous variables) that are influencing the NBTC regulations, e.g., the 
Thai TFA. 
In order to completely transform the RR into national regulation, the NBTC has to endorse the 
Thai TFA with changes according to the RR revisions. Consequently, the relevant NBTC 
regulations may be changed according to the Thai TFA revision. 
Moreover, the IAD level of analysis and outcomes help in understanding the multi-level 
relationship and to categorize the spectrum management activities into three main levels 
according to constitutional, collective-choice, and operational situations. In the constitutional 
situation, the activities are relevant to rule setting, such as allocation and allotment of 
frequency, and planning and regulation, at both international and national levels. In the 
collective-choice situation, the activities represent the ability to review and revise operational 
rules, such as assigning and licensing frequency, and standard setting. In the operational 
situation, the activities are the day-to-day activities of spectrum management including 
frequency assignment and licensing. 
The spectrum management activities that are categorized by the IAD level of analysis and 
outcome clearly show the relationship between main activities and level of analysis and 
outcome. Moreover, the relationship of rule setting between the international and national 
level is part of the rules-in-use. The main independent variables are the rule setting that 
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influenced the assigning and licensing frequency as dependent variables for spectrum 
management activities. 
4.3 Paper III 
Paper III Ard-paru, N. (2010). Spectrum assignment policy: Towards an evaluation of 
spectrum commons in Thailand. (Licentiate thesis). Retrieved from 
http://www.lib.chalmers.se (ISSN 1654-9732). 
The main research question is “What are the consequences of using spectrum commons 
for frequency assignment in Thailand?”. In its approach to the main research question, the 
thesis addresses five sub-research questions: 
Sub-research question 1: What is a suitable framework for analyzing different types of 
spectrum commons 
The findings of this sub-research question provide a framework for analyzing spectrum 
commons.  
The economics of institutions and three worlds of action from Schlager and Ostrom (1992) 
provide the level of analysis for the decision-maker and decision situation. The property rights 
regime and natural resources in the Maine lobster industry from Kiser and Ostrom (1982) also 
provide the rights to use the common-pool resource. These two concepts provide a framework 
for analyzing the right to use frequency in Thailand. The chronology of events for spectrum 
management in Thailand provides evidence of the rights to frequency use. 
The market-based approach has all the rights to use frequency, including access and 
withdrawal, management, exclusion, and alienation rights (i.e., selling or leasing frequency). 
Command-and-control does not have an alienation right, however. The command-and-control 
and market-based approaches both grant the exclusive right to use frequency to licensees. 
Spectrum commons does not have an exclusive right to use frequency, however. There are 
two types of users in spectrum commons, i.e., general and advanced users. These users have 
access and withdrawal rights because of the characteristics of transceivers. The transceivers 
are specified to access and use the frequency at the same time. Only advanced users have the 
additional exclusion right to determine who can use their network by setting passwords or 
encryption codes. 
Sub-research question 2: What type of spectrum commons has been used in Thailand? 
The findings of this sub-research question demonstrate the development of spectrum 
commons in Thailand.  
There are three types of spectrum commons, i.e., public commons, private commons, and 
unlicensed. Regulators delegate some rights to licensees to manage their network. These 
represent the regulated level. When the state agency is in charge of network management, it is 
called public commons. For example, local municipalities have their Wi-Fi network for their 
community. When private entities manage their network for commercial service, it is called 
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private commons, such as the public Wi-Fi hotspots in hotels, airports, department stores, etc. 
When end-users have to manage the network by themselves, it is called unlicensed. 
The history and development of the spectrum management institution in Thailand also 
constitutes an original source that documents important events concerning spectrum 
management, especially spectrum commons in Thailand. There are two steps to implementing 
spectrum commons in Thailand: 1) the authorization of the use of devices, and 2) the 
exemption of relevant radiocommunication licences.  
Sub-research question 3: What are the advantages and disadvantages of spectrum commons 
in general? 
The findings of this sub-research question illustrate the advantages and disadvantages of 
spectrum commons.  
Advantages of spectrum commons include lowering barriers to entry, reducing administration 
costs, encouraging innovation, and stimulating demand. On the other hand, the main 
disadvantage of spectrum commons is irreversibility. After the NRA assigns frequency to 
users, it is hard to get the frequency back to the NRA to reassign or refarm such frequency to 
new users or services. A comparison of the advantages and disadvantages is required to 
determine the net benefit of spectrum commons. Most disadvantages can be resolved by the 
development of new technology and a relevant standard of devices, apart from irreversibility 
once spectrum commons has been assigned to public use.  
Sub-research question 4: How can the benefits and costs of spectrum commons be measured? 
The findings of this sub-research question present a benefits and cost analysis to measure the 
value of spectrum commons in Thailand.  
The benefits and cost analysis provides the framework for evaluating the spectrum. The 
specified frequency for spectrum commons is the 2.4 GHz band. The applications of the 2.4 
GHz bands include public Wi-Fi operators and home data networking. The evaluation of 
spectrum commons can be used as important information for regulators to decide whether to 
have licensed or unlicensed spectrum. 
The 2.4 GHz band has been identified as the operating frequency. Public Wi-Fi routers and 
home data networking (home Wi-Fi routers) are the focus of the spectrum commons 
evaluation. The possible benefits for public Wi-Fi operators are revenue, cost saving from 
wiring, and license exemption. The possible costs for public Wi-Fi operators are wireless 
routers, installation and maintenance costs, Internet connection, and the ISP license fee. The 
possible benefits of home data networking are cost savings from wiring, license exemption, 




Sub-research question 5: What are the implications of implementing spectrum commons in 
Thailand? 
The findings of this sub-research question present the implications of implementing spectrum 
commons in Thailand.  
Three types of spectrum commons have been used in Thailand (public commons, private 
commons, and unlicensed). They provide the current status of spectrum commons in 
Thailand. These three types also appear in other countries that have a similar situation. 
Regulators should use these findings for further consideration of using spectrum commons to 
increase spectrum efficiency in terms of utilization of frequency and distribution of frequency 
to users. 
Regulators should conduct a similar public consultation to identify the advantages and 
disadvantages of spectrum commons in their context to adjust to their environment. 
The regulator may consider adding spectrum commons to other frequency bands, imposing 
power limitation, and specifying frequency as necessary constraints. These constraints have a 
strong potential to attract innovation. The market will select services and applications freely 
under the constraint to respond to demand. The low entry barrier makes spectrum easier to 
access and encourages competition in the market. End-users will have better quality of service 
and lower prices.  
Regulators should use the evaluation of spectrum commons as important information for 
deciding whether to have licensed or unlicensed spectrum. The spectrum evaluation will 
reflect the best utilization of spectrum. Greater use of spectrum commons for frequency 
assignment will increase spectrum efficiency in terms of the number of frequency users and 
spectrum utilization. 
The regulator should consider the loss of the frequency usage fee through non-exclusive 
rights. On the other hand, operators and end-users gain the benefit of not paying the frequency 
usage fee. The benefits to society may be greater than the lost income for the regulator. 
Learning from the IAD framework 
The IAD framework helps in understanding the bundle of rights to use frequency after 
frequency assignment, including access, withdrawal, management, exclusion, and alienation 
rights at the two levels of analysis and outcome. In the operational situation, the action 
situations are to use or not to use frequency as turn on or off devices (access and withdrawal 
rights). In the collective-choice situation, the action situation is rule setting, including how to 
manage frequency, exclude non-users, and lease and rent frequency (management, exclusion, 
and alienation rights). The rule setting is the independent variables to use or not to use 
frequency (a dependent variable). 
Regarding the action situation for assigning frequency, the dependent variable is whether to 
assign frequency with an exclusive or non-exclusive right to licensees. The independent 
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variable is the method of frequency assignment, including command-and-control, market-
based, and spectrum commons. Command-and-control and market-based approaches both 
provide an exclusive right to use frequency, but spectrum commons does not. The regulator 
(actor and position) has to make decisions on frequency assignment methods (choices) based 
on the cost and benefit of each method (payoff).  
The advantages and disadvantages of spectrum commons are the cost and benefit when 
assigning frequency for spectrum commons. The advantages and disadvantages provide an 
overview of the use of spectrum commons as crucial information for the NRA to assign 
frequency, whether licensed or unlicensed. 
Moreover, the value of frequency represents one of the key parameters as it is an indicator for 
the regulator to decide on a suitable method of spectrum assignment for such frequency 
bands. 
The advantages, disadvantages and value of spectrum commons represent the information in 
the decision situation as the IAD payoff rules and evaluative criteria. 
The additional independent variables are regulator, advantages and disadvantage, and value of 
frequency. The dependent variable is assigning frequency. 
The IAD framework helps in the systematic understanding of assigning frequency through its 
variables inside the action situation, including boundary, position, choice, payoff, 
information, aggregation, and scope rules as independent variables. The potential outcome is 
frequency assignment as a dependent variable. 
4.4 Connection between papers 
The study demonstrates a comprehensive understanding of spectrum commons 
implementation in Thailand. Initially, spectrum commons allocation was carried out at 
international level via WRC in the form of the RR, especially footnotes 5.138 and 5.150 for 
the ISM band. These two footnotes represent the spectrum commons allocation. Paper I 
demonstrates the frequency allocation at WRC via the WRC processes: WRC agenda setting 
and study processes. The study focuses on WRC-12 Agenda Items 1.19 and 1.22 as an object 
of study to illustrate the WRC processes that are relevant to spectrum commons issues from 
national and regional preparatory meetings and WRC-12. 
After understanding spectrum commons allocation at WRC in terms of the RR, the 
transformation of the spectrum commons regulation from international regulation into 
national regulation is demonstrated in Paper II. The study illustrates the development of 
spectrum commons regulation in terms of footnotes 5.138 and 5.150, together with the 
relevant frequency bands. The footnotes and frequency bands from the RR TFA are then both 
transformed into national regulation in Thailand. The footnotes and frequency bands have 
been converted into the Thai TFA in the form of the national regulation for spectrum 
commons. 
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After the transformation of spectrum commons from international into national regulation has 
been completed, the study describes the national implementation of spectrum commons in the 
form of spectrum assignment development in Paper III. All radiocommunication devices 
require relevant licenses. National regulation has been developed for spectrum commons in 
Thailand, including authorization and unlicensing in terms of the Ministerial Regulations for 
the NBTC regulations. 
To conclude, the study demonstrates a comprehensive view on spectrum commons 
implementation in Thailand by using the IAD framework, including spectrum commons 
allocation at WRC, transformation of spectrum commons regulation from international into 
national regulation in terms of footnotes 5.138 and 5.150 within the Thai TFA, and finally 
implementing spectrum commons regulation in terms of unlicensed regulation as the NBTC 
regulations. 
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Chapter 5 Discussion of IAD relevance 
The study synthesizes the connection between Papers I, II, and III in terms of the relevance of 
IAD to spectrum commons. 
The overarching research question for this study is “How should spectrum commons be 
implemented in Thailand?”. Connecting three main research questions from three papers 
illustrates the implementation of spectrum commons in Thailand, starting with the allocation 
of spectrum commons through international regulation in the RR at WRC, transforming 
international regulation into national regulation in Thailand, and concluding with the 
implementation of spectrum commons as a national regulation in Thailand. 
The study applies the IAD framework to connect the spectrum commons issues from each 
paper. 
5.1 IAD framework and its connectivity 
The overarching research question is “How should spectrum commons be implemented in 
Thailand?”, as the common ground for connecting the main research from the three papers: 
1) How is international spectrum policy developed and affected by the lack of more detailed 
documentation? (Allocation of spectrum commons) 
2) How is the Radio Regulations transformed into the National Broadcasting and 
Telecommunications Commission regulation for spectrum commons in Thailand? 
(Transformation of international into national regulation for spectrum commons) 
3) What are the consequences of using spectrum commons for frequency assignment in 
Thailand? (Implementation of national regulation for spectrum commons in Thailand) 
The study illustrates Papers I, II, and III using the IAD framework to demonstrate the 
relationship and connections as shown in Figure 7. 
Spectrum commons
Allocation




Bundle of rights to use frequency
National regulations
Transformation
Paper I Paper IIIPaper II
 
Figure 7. Summary of research problem (cf. Figure 3, Chapter 1) 
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The overarching research question involves connecting the allocation (Paper 1) to the 
assignment (Paper III) of spectrum commons via transformation from allocation into 
assignment (Paper II). 
Paper I: Information and coordination in international spectrum policy: Implications for 
Thailand 
Paper I represents the development of spectrum commons allocation in the RR via the 
decision-making process at WRC by the WRC-12 preparatory process for Agenda Items 1.19 
and 1.22. 
This study applied the IAD framework to WRC in order to find the missing information as the 
rationale behind the RR revision, including the ITU archive and WRC-12. This paper used the 
IAD framework element to explain the decision-making process at WRC-12 as an IAD action 
situation. 
Table 11 illustrates the IAD application for WRC, with differences between the ITU archive 
and participant observation at the WRC-12 meetings. 
The “IAD variable” column represents the IAD variables: exogenous and endogenous. The 
“WRC” column shows the IAD application at WRC. The “RR/WRC Archive” and the 
“Participant observation” columns reveal the ability of documents in the ITU archive and 
information gathered from participant observations to correspond to the IAD variables. 
Table 11. IAD variable map, missing data, and observer activities  
IAD variable WRC RR/WRC 
Archive 
Participant observation 
PTA, CPG, APG WRC-12 
Physical condition Spectrum as public good X X X 
Attribute of community Norm, culture, and tradition  X X 
Rules-in-use     
Boundary ITU membership X X X 
Position HoD, regional rep., chair, secretary X X X 
Choice Support, oppose, neutral  X X 
Payoff Cost and benefit  X X 
Information Public or informal information flow  X X 
Aggregate Control over choice  X X 
Scope ADD, MOD, SUP, NOC X X X 
Action situation Negotiation   X X 
Interaction Negotiation   X X 
Evaluation criteria Link payoff rules  X X 
Outcome Link RR revisions to scope rules X X X 
Source: Ard-paru (2012a), Table 10 
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The IAD exogenous and endogenous variables are independent variables of an action 
situation. In this case, the action situation is WRC-12 Agenda Items 1.19 and 1.22. The 
exogenous variables are physical conditions of the spectrum, attribute of community of ITU 
and Member States, and rules-in-use that are influencing endogenous variables. The 
endogenous variables are represented by seven rules, i.e., boundary, position, choice, payoff, 
information, aggregation, and scope rules. The dependent variable is the outcome of the 
action situation. 
The ITU archive can respond to the physical condition, boundary, position, and scope rules 
that cannot capture the dynamic situation of the meeting. However, the participant 
observation can respond to all of the IAD variables but is limited to the current situation. 
The outcome of the action situation depends on independent variables such as when the new 
information is expressed, and the position or stance of actors must be considered. The detailed 
discussion will be explained in a later section. 
To summarize, the IAD framework provides a list of relevant questions in an action situation, 
not detailed contents. The participant observations can provide detailed discussions for the 
current situation. The archives cannot respond to or capture the dynamic of the meetings. The 
archive can only cover the physical IAD conditions, boundary, position, scope rules and 
outcome that are not covered by the rationale behind RR provision. 
When using the ITU archive (RR and WRC proceedings), the limitations of the missing 
information should be taken into account. 
Paper II: Managing spectrum commons in Thailand: Allocation and assignment challenges 
Paper II represents a bridge between Paper I and Paper III, from allocation to assignment for 
spectrum commons in Thailand. By using the IAD framework levels of analysis and outcomes 
in a constitutional situation, the RR (definition of ISM application, footnotes 5.138 and 5.150, 
and frequency bands within the TFA), works as the IAD rules-in-use that influence the rules-
in-use in a constitutional situation in Thailand. Thailand must transform the RR (international 
rules-in-use) into national regulation. 
This transformation is part of the spectrum management activities in allocation frequency 
bands according to the RR and national TFA. Table 12 presents the spectrum management 
activities with IAD levels of analysis and outcome. 
The spectrum management activities represent the action situation of making decisions. The 
rule setting activities in the constitutional and collective-choice situations provide the 
independent variables to rules-in-use in the operational situation. The outcomes of spectrum 
management are frequency assignment and licensing and its relevant activities (standard of 
equipment and cooperation of use), representing the dependent variable of spectrum 
management. 
In the constitutional situation, the activities relate to creating, reviewing, and revising the RR, 
including allocation and allotment of frequency to services, international and regional 
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coordination, the National Frequency Management Master Plan, and the TFA. These 
spectrum management activities provide rules in the constitutional situation that influence the 
rules for collective-choice and day-to-day activities in the operational situation. 
In a constitutional situation in Thailand, not only the RR as an international regulation but 
also the Radiocommunication Act and NBTC Act must be taken into account for Thai 
regulation, or rules-in-use for Thailand. 
Table 12. Spectrum management activities with IAD levels of analysis and outcomes 
Spectrum Management activities Constitutional Collective-choice Operational 
Spectrum management planning and 
regulations 
x   
Allocation and allotment of 
frequency bands 
x   




Spectrum management financing  x  






Spectrum monitoring  x  
Spectrum regulation enforcement  x  








National liaison and consultation   x 
Support function   x 
Source: Ard-paru (2012b), Table 27 
In the collective-choice situation, the spectrum management activities that implement the 
rules from the constitutional situation create the rules for the operational situation such as how 
to assign the frequency: first-come first-serve or auction, rules on how to use a network or 
standard settings for permissible devices, and rules on how to coordinate between operators in 
neighboring countries when interference occurs. The fee calculation formula for spectrum 
management financing activities is also established at this level. 
Furthermore, spectrum monitoring for the use of frequency and spectrum regulation 
enforcement: inspection and investigation of the use of radiocommunication devices is 
included at this level to supervise day-to-day activities for frequency assignment and licensing 
and to provide the information to spectrum planning. 
In the operational situation, the day-to-day or routine activities of spectrum management 
comprise assignment, licensing, standard compliance, cooperative protocol compliance, 
consultation of rules, and supporting activities.  
Assignment and licensing activities are carried out according to specified rules in the 
collective-choice situation, i.e., which frequency can be assigned with technical specification, 
which licenses are applied, and what fees are charged. 
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Radiocommunication equipment standard compliance is performed according to a predefined 
standard setting and procedures carried out in the collective-choice situation, i.e., which 
standard or equipment is allowed to be used in Thailand. 
During frequency coordination between countries, when the interference is found, both the 
regulator and operator in the relevant countries must follow the rules as specified in the 
collective-choice situation to identify and eliminate such interference. 
National liaison and consultation activities comprise day-to-day work to create a common 
understanding of the rules with regard to public consultation or focus groups. Output 
information would benefit from greater efficiency of rule implementation at higher levels. 
The support activities aim to facilitate the main spectrum activities on a daily basis, including 
technical and administrative support. 
This study classifies the spectrum management activities into the IAD level of analysis and 
outcomes to understand the interaction between each activity and relationships across levels. 
All spectrum management activities dealing with rule setting are carried out in the 
constitutional or collective-choice situations. Day-to-day activities performed according to 
specified rules are in the operational situation. 
According to the IAD framework, spectrum management activities can be described as 
follows: 
Biophysical conditions: This study deals with spectrum that can be public, private, or 
common-pool goods depending on the allocation and assignment approach. Spectrum 
allocation at international level can be treated as public goods. On the other hand, spectrum 
assignment at national level can be treated as private or common-pool goods, depending on 
the assignment approach used. 
Attributes of community: Spectrum management involves many stakeholders from 
international to national level including the ITU, Member States, manufacturers, operators, 
and end-users. A common understanding between them is essential in order to understand the 
regulation and properly implement it in order to ensure frequency efficiency with or without 
minimal harmful interference. 
Rules-in-use: The rules-in-use of spectrum management are represented by the RR, national 
regulation, the network rules of operators, and manufacturers’ equipment standards. These 
rules directly influence the action situation and interaction between stakeholders in spectrum 
management activities. 
Action situation and interaction: Spectrum management activities represent the action 
situation and interaction between stakeholders in each activity and the various aspects of the 
decision-making process. From rule setting to implementation of rules by the regulator, 
manufacturers, operators, and end-users, these represent the action situation and interaction in 
spectrum management. 
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Outcome: the ultimate outcome of spectrum management is the efficient use of spectrum with 
manageable harmful interference via frequency assignment and licensing. Moreover, the 
outcome is directly influenced by the evaluative criteria, which vary between countries and 
stakeholders. The challenge is to balance the benefit and outcome with the sustainable use of 
spectrum. 
The independent variables are the physical condition, attribute of community, rules-in-use 
(with seven rules of the exogenous variable), and the action situation. The dependent variable 
has frequency assignment and licensing as the outcome. 
To summarize, the study uses the IAD framework to demonstrate the transformation of 
international regulation into national regulation for spectrum commons in Thailand in terms 
of the definition of ISM application, footnotes 5.138 and 5.150, and frequency bands within 
the TFA. 
Paper III: Spectrum assignment policy: Towards an evaluation of spectrum commons in 
Thailand. 
Paper III applied the IAD framework to understand the bundle of rights to use frequency for 
spectrum assignment in Thailand, especially spectrum commons, in order to implement the 
spectrum commons regulation with the aspect of national regulation in Thailand, including 
authorization for the use of spectrum commons and exemption of radiocommunication 
licenses as unlicensed. 
The study began by applying the level of analysis and outcomes to the Thai 
telecommunication industry and subjected the relevant stakeholders to various levels of 
analysis and outcomes.  
The stakeholders who perform frequency planning, allocation, allotment, and coordination are 
the administrator, regulator or authority in the constitutional situation. The outcome of this 
level is the independent variable for rules-in-use in the collective-choice situation. The 
examples of constitutional rules are the Radiocommunication Act, NBTC and NTC Act, 
NBTC and NTC regulations, PTD regulations, TFA, and National Frequency Management 
Master Plan. 
In a collective-choice situation, the activities are rule settings that are relevant to network 
rules and standard of equipment by operators, providers, and standard-setting organizations. 
They use the constitutional situation rules such as the NBTC regulation and the Thai TFA, as 
their independent variables and to create their own standard and network rules as the rules-in-
use in the operational situation, such as the standard for Wi-Fi, mobile phones, smart card 
readers/writers. 
In an operational situation, the users have to use and comply with the devices provided by 
their operator or manufacturer. 
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Moreover, the study applied the IAD framework to classify the bundles of rights to use 
frequency as licenses (outcome of spectrum management as a dependent variable) in different 
stakeholders including the regulator, Operators A and B, advanced users, and general users. 
The boundary rules are defined by access and withdrawal rights, indicating who can access 
and use the frequency of devices. When a radio transmitter, receiver or transceiver is on, the 
access and withdrawal rights of frequency are engaged. General users only have access and 
withdrawal rights. The management right regards how to consume the frequency and which 
technique or equipment can be used. The exclusion right selects who can consume the 
frequency. The alienation right allows frequency to be sold or sub-leased. 
The position rules are the regulator, Operator A, Operator B, advanced user, and general user. 
The choice rules are the option to use frequency: access and withdrawal frequency. The 
interactions between the user and radiocommunication devices have been predefined 
according to the rules in the collective-choice situation. The information, aggregation, payoff, 
and scope rules are the interactions of users and devices, i.e., to use or not to use the devices. 
The seven rules represent the independent variable for the outcome of using or not using the 
devices as the dependent variable. 
In the collective-choice situation, the action situation is rule changing or revising the use of 
frequency, including how to access, withdraw, change, sell, and lease the frequency. The 
boundary rules are similar to those in the operational situation: access withdrawal rights. 
However, the position rules are limited to the regulator, Operator A, Operator B, and 
advanced user. As for the position rules, only the regulator and Operator A have a full choice 
of actions to access, withdraw, change, sell, and lease the frequency. Operator B has no right 
to sell or lease the frequency. The advanced user has the additional right to identify the person 
who can access and use the frequency. The interactions between actors on rule changing 
represent information, aggregate, payoff, and scope rules. The outcome is possible rule 
changes on using frequency. 
The right to use frequency can be divided into two categories: exclusive and non-exclusive, 
with the level of deregulation determined by the regulator (giving away an alienation right: 
right to sell, lease, or transfer the frequency) or network management right. 
For exclusive use of frequency, the command-and-control approach is carried out by the 
centralized regulator or state agency. The market-based approach is carried out by the market 
mechanism. 
For non-exclusive use of frequency, the spectrum commons approach has been introduced. 
When networks such as public Wi-Fi are managed by the state or a local municipality, they 
are called public commons. When the network is managed by a private company, it is called 
private commons, such as hotspot providers in hotels, supermarkets, and airports. When the 
network is managed by users or is self-regulated, it is unlicensed. 
To summarize, Paper III applied the IAD framework to understand the bundle of rights to use 
frequency associated with stakeholders, including access, withdrawal, management, 
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exclusion, and alienation rights. The stakeholders for the bundle of rights to use frequency are 
general users, advanced users, Operator B (without alienation right), Operator A (with 
alienation right), and regulators. Moreover, the IAD framework helps in understanding the 
different levels of analysis and outcomes between stakeholders, including administrators, 
regulators, or authorities in a constitutional situation; operators, providers, standard-setting 
organizations in a collective-choice situation; and users in an operational situation. 
Furthermore, the deregulated level provides differences between exclusive and non-exclusive 
use of frequency such as command-and-control for centralized agencies, market-based when 
regulators deregulate in order to use a market mechanism. For non-exclusive use of 
frequency, the regulated level depends on the ability to manage the network, including public 
commons, private commons, and unlicensed for the state agency, private companies, and end-
users, respectively. 
5.2 The bottom-up initiatives 
The study explains the relationship between Papers I, II, and III in terms of spectrum 
commons implementation in Thailand including the spectrum commons allocation at WRC, 
transformation of spectrum commons regulations from international into national regulation, 
and implementing spectrum commons in Thailand at national level. Figure 7 depicts the top-
down approach in the international to national direction. 
However, the backward relationship, or bottom-up initiatives from national to international 
levels as a feedback loop, is already included in this study in part of the WRC preparatory 
process (see Chapter 6, Paper I for details). 
The national initiatives originate from the Member States’ concerns over the RR revision, 
representing the national demand or request for the use of radiocommunication services or 
equipment that require changes to the current RR. The request may be initiated by the local 
telecommunication industry, standard-setting organization, or general users regarding the 
difficulties of using radiocommunication equipment according to the current RR. 
The NRA has to consolidate the request for RR changes into the Member State contributions 
in order to submit them to WRC for consideration. When the issues ally with other countries’ 
contributions, such issues can form multi-country or common regional proposals to WRC. 
However, the points or issues for RR revision must be defined in advance as part of the WRC 
preparatory process: the WRC agenda setting and study process, i.e., two WRC cycles for 
agenda setting and one WRC cycle for the study process. The ITU Member States submit 
their contribution concerning issues of RR revision to part of the WRC agenda item (WRC 
agenda setting). Once the WRC agenda items are approved at WRC, the WRC study process 
has to be conducted by the relevant ITU SG to study and gather possible solutions based on 
the ITU Membership submission. At the end of the process, the Member States make 
decisions based on the ITU SG study as part of the CPM report and the Member States’ 
submission at the consequent WRC. 
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The bottom-up initiatives based on the national request are therefore incorporated in the WRC 
preparatory process (WRC agenda setting and study process) to raise the national issues to the 
international agenda via WRC. 
5.3 IAD framework and its hypothetical outcome 
In an action situation, there are many independent variables, including boundary, position, 
choice, information, aggregate, payoff, and scope rules. There is one dependent variable: the 
potential outcomes. 
The boundary rules provide actors in the selected action situation. The position rules present 
the position of actors inside the action situation with the possible choices of actions as choice 
rules. The choices are directly connected to the payoff rules to analyze the net cost and benefit 
of such actions. The aggregate rules represent the control over the preferable outcomes to 
either keep the same or change to the new position. The information flows inside the action 
situation influence the choice of actions and consequently the payoff and aggregate rules. The 
possible outcomes of choices represent the scope rules. The potential outcomes are the output 
of the action situation as the taken decisions. 
At WRC-12, the action situation is the revision of the RR according to the defined agenda 
items. The possible outcomes as scope rules depending on issues are no change to the RR 
(NOC), modification of the RR (MOD), adding new regulation (ADD), and deleting the 
provision of the RR (SUP). However, the potential outcomes can be reached via consensus or 
compromise between ITU Member States, depending on the level of coherence of the issues 
(information rules). 
When there is coherence of input documents from Member States in terms of the individual, 
multi-country, or regional proposal, it is possible to reach a consensus between Member 
States with an agreeable potential outcome. 
On the other hand, when there is incoherence in the input documents, consensus between 
Member States cannot be reached, and the compromised solution is preferable. 
In the action situation, during the meetings, when there is a representative on behalf of the 
regional group (position rules), it is highly likely to reach either a consensus or compromised 
solution more easily than for individual Member States. 
The available choices of actions for actors inside each action situation are support, abstain, 
and object (veto). Each Member State considers the choice of actions according to its interests 
(payoff rules). The Member States’ stance represents the aggregate rules, remaining or 
changing from the previous position, which directly links the payoff rules and consequent 
potential outcomes. 
When there is only one objection on each issue, the compromise solution between concerned 
Member States must be reached to maintain the ITU tradition without voting. 
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At the CPG-12, the EU regional preparatory meeting, one administration objected to the EU 
proposal on WRC-12 Agenda Item 1.19, and there was therefore no common EU proposal to 
WRC-12. However, the multi-country proposal on this agenda item was sent to WRC-12 
instead. 
5.4 Summary and discussion 
Summary 
Paper I is about spectrum allocation for spectrum commons. This paper applied the IAD 
framework to understand the international spectrum allocation process at WRC via the WRC 
preparatory process (WRC agenda setting and study process). Moreover, the IAD framework 
helps to identify the missing information as the rationale behind the RR provision. The IAD 
framework provides a list of relevant questions for the decision-making process, not detailed 
information. The participant observations provide the detailed content contained in the 
rationale behind such a provision. The ITU archive is incomplete and cannot capture the 
dynamic discussion at the meetings. The archive can only respond to the physical IAD 
condition, boundary, position, scope rules, and outcome. The use of ITU archives should take 
into consideration the limitations of the rationale behind such provision. 
In Paper II, the study applies the IAD framework to understand the transformation from RR 
into NBTC regulation for spectrum commons in Thailand in terms of the definition of the 
ISM application, footnotes 5.138 and 5.150, and frequency band in the TFA. 
Paper III is about spectrum assignment for spectrum commons. This paper applied the IAD 
framework to understand the bundle of rights to use frequency for frequency assignment in 
Thailand, including access, withdrawal, management, exclusion, and alienation rights. 
Together with the relevant stakeholder at each level of analysis and outcomes, there are 
regulators, administrators, or authorities in a constitutional situation; operators, providers, and 
standard-setting organizations in a collective-choice situation; and users in an operational 
situation. Moreover, the command-and-control and market-based approaches provide 
exclusive use of frequency. The spectrum commons approach, including public commons, 
private commons, and unlicensed frequency, provides non-exclusive use of frequency 
depending on the level of network management. 
Finally, the study uses Paper II to link Paper I to Paper III, as the transformation from 
international into national regulation for spectrum commons in Thailand. Moreover, the study 
also applied the IAD framework to understand the bundle of rights to use frequency for 
spectrum assignment in Thailand in Paper III. Furthermore, to understand the WRC process 
for spectrum commons frequency allocation, the study applied the IAD framework to find the 
missing information as the rationale behind RR provision. The list of relevant questions 
provided by the IAD framework helps to identify the incomplete information from the ITU 




Discussion on IAD framework and decision situation 
The study applies the IAD framework to address the implementation of spectrum commons 
regulation in Thailand via three papers in order to illustrate the connection between spectrum 
commons allocations, transformation of spectrum commons regulations from international 
into national regulations, and implementing spectrum commons regulation at national level.  
The level of analysis and outcomes determines where action situations take place. The 
spectrum commons allocations are in the constitutional situation at international level. The 
transformation of spectrum commons regulations is in the constitutional situation between the 
international and national levels. The implementation of spectrum commons regulation in 
Thailand is in the constitutional situation at national level. 
Table 13 summarizes the IAD variables in terms of the independent and dependent variables 
of the three papers.  
Table 13. IAD independent and dependent variables (cf. Table 10, Chapter 3) 
IAD variables Paper I Paper II Paper III 
Independent    





Norm, culture, and tradition of 
ITU and Member States 
Norm, culture, and tradition of 
ITU and Thailand 
Norm, culture, and 
tradition of Thailand 
Rules-in-use  RR: definition of ISM 
application, footnotes 5.138 
and 5.150, and relevant 
frequency bands (TFA) 
 
Boundary ITU membership Thai telecom industry Access and withdrawal 
right 
Position HoD, regional rep., chair, 
secretary 
NRA, operator, manufacturer, 
standard-setting organization, 
users 
NRA, Operators A and 
B, advanced users, end-
users 
Choice Support, oppose, neutral Adopting or not adopting rules Using or not using 
device/ Rule changes 
Payoff Cost and benefit Link to action situation Link to action situation 
Information Public or informal information 
flow 
Link to action situation Link to action situation 
Aggregate Control over choice Link to action situation Link to action situation 
Scope ADD, MOD, SUP, NOC Link to action situation Link to action situation 
Interaction Link to action situation Link to action situation Link to action situation 
Evaluation criteria Link payoff rules Link payoff rules Link payoff rules 
Dependent    
Action situations WRC-12 Agenda Items 1.19 
and 1.22 (Negotiation) 
Transformation of spectrum 
commons regulations 
(Adopting or not adopting 
rules) 
Implementing spectrum 
commons (Using or not 
using device/Rule 
changes) 
Potential outcomes RR revisions NBTC regulations: Thai TFA 
and NBTC unlicensed 
regulations 
Bundle of rights to use 
frequency 
Note: HoD-Head of Delegation, Rep.-Representative, ADD-Addition, MOD-Modification, SUP-Suppression, NOC-No change 
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When viewing action situations as the unit of analysis, they are dependent variables of the 
IAD exogenous variables. The action situations in this study are relevant to the spectrum 
commons, i.e., allocation of spectrum commons in terms of WRC-12 Agenda Items 1.19 and 
1.22, transformation of spectrum commons regulation (definition of ISM application, 
footnotes 5.138 and 5.150, and relevant frequency bands [TFA]), and implementing spectrum 
commons in terms of the NBTC regulations. 
The IAD exogenous variables are independent variables that influence the structure of action 
situations, and they include the physical condition, attributes of community, and rules-in-use. 
The physical condition is the characteristic of spectrum, including public, private, and 
common-pool goods. As for spectrum commons allocation and transformation, the spectrum 
is public goods, and as regards implementing spectrum commons, the spectrum is private and 
common-pool goods depending on the spectrum assignment methods. 
The attribute of community is the common understanding between the actors in each 
situation. Some overlap situations, such as the norm, culture, and tradition of ITU and 
influence both spectrum commons allocation and transformation. Moreover, the norm, 
culture, and traditions in Thailand influence both the transformation and implementation of 
spectrum commons in Thailand. 
Rules-in-use are directly connected to action situations representing “do and don’t” rules in 
terms of the seven rules as IAD internal variables.  
The IAD framework provides multiple variables to explain how and why decisions have been 
taken. From a broad view, the exogenous variables (physical condition, attributes of 
community, and rules-in-use) are independent variables that influence the action situation (a 
dependent variable). 
Inside the action situation, when viewing the potential outcomes as a dependent variable, the 
seven rules are independent variables. These rules explain the potential outcomes of the 
decision-making process including RR revisions, NBTC regulations, and bundle of rights to 
use frequency. 
The boundary rules influence actors inside an action situation. The boundary rules are ITU 
membership and the Thai telecom industry for allocation and transformation of spectrum 
commons, respectively. However, the boundary rules for implementing spectrum commons in 
Thailand are the access and withdrawal rights to use frequency. 
The position rules are the rules influencing roles of actors inside action situations, ranging 
from head of delegation, delegate, regional representative, and chairman to secretary for 
spectrum commons allocation at WRC-12. As for the transformation and implementation of 
spectrum commons in Thailand, the position rules are NRA, operator, manufacturer, standard-
setting organization, and users. 
The choice rules are the rules that influence possible actions that are different, i.e., support, 
oppose, neutral, adopting or not adopting, and using or not using. 
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The payoff, information, aggregation, and scope rules are the rules connecting the actions and 
evaluative criteria containing issues and dynamic situations of the decision-making process. 
From a narrow view inside the action situations, the potential outcomes of the decision-
making process are the dependent variable. The independent variables are seven rules 
(boundary, position, choice, payoff, information, aggregation, and scope rules) explaining a 
decision situation. 
When analyzing Table 12 and Table 13 together, the IAD variables explain the connection 
between the three papers as parts of the spectrum management activities. Paper I deals with 
spectrum allocations at WRC. Paper II is about the transformation of regulation from 
international into national level. Papers I and II are both in the “Allocation and allotment of 
frequency band” and “Spectrum management planning and regulation” of spectrum 
management activities. Paper III’s activity, on the other hand, is in the “Frequency assignment 
and licensing” of spectrum management activities. 
Thus, the relationship between Papers I and II is that the spectrum commons allocation is an 
input to the transformation of spectrum commons regulation. The relationship between Papers 
II and III is that the transformation of spectrum commons regulation is an input to the 
implementation of spectrum commons in Thailand. 
The study uses the IAD framework to explain the spectrum commons activities, from the 
allocation of spectrum commons and transformation of spectrum commons regulation to the 
implementation of spectrum commons in Thailand. Multi-level analysis and outcomes 
provide the study with appropriate levels of analysis, including constitutional, collective-
choice, and operational situation. These levels help to separate and categorize action 
situations systematically. Moreover, the IAD variables as a list of concerned questions 
facilitate clarification of the decision situation in terms of independent and dependent 
variables. These elements helped to identify the limitations of the archives and the participant 
observations during the collection of the information for this study. 
Finally, the IAD framework is appropriate for explaining the decision situation as 
negotiations at WRC-12 and for understanding the transformation and implementation of 
spectrum commons in Thailand. 
Discussion on technical characteristic of spectrum commons 
The study addresses the technical characteristics of spectrum or frequency that is a natural and 
limited resource serving as the carrier to convey information regardless of borders between 
countries and subjected to attenuation according to losses as a propagation characteristic. 
Frequency is a man-made and non-depletable resource because it can be created all the time. 
The frequency dividing into frequencies, time, geography, angle of arrival, polarization, and 
uses creates a reused frequency depending on the level of harmful interference.  Harmful 
interference can be reduced by the technology advancement that made exclusive use of 
frequency unnecessary because these technologies can use frequency while it is not occupied 
or use frequency underneath without causing harmful interference. 
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Spectrum commons is one of the typical spectrum assignment approaches providing a non-
exclusive use of frequency via the NRA by giving the right to use frequency to the public. No 
one has exclusive right to use this frequency. Everyone is able to use this frequency. 
The advancement of technology has changed the frequency exclusivity from becoming 
unnecessary.  
The frequency assignment provision of the exclusive right to use frequency becomes blurred 
to the NRA if such technologies exist and are fully used. 
These spectrum commons characteristics are a common-pool goods (a high level of 
substractability and low cost of exclusion) that is categorized by the IAD biophysical 
condition. 
The characteristics of spectrum commons directly influence the frequency assignment 
process. It should be reconsidered whether the exclusive right to use frequency via command-
and-control and market-based approaches is necessary when the goal of frequency assignment 
is to maximize the utilization of frequency. 
Consequently, the rules governing spectrum common should be relaxed as loose as possible. 
The minimal restriction of use is preferable such as the frequency band and maximum 
transmitting power. The enforcement should impose on the standardization and certification 
of conformity of devices. 
The public society should be aware of the non-exclusive right to use frequency regime that 
requires the limitation to use spectrum subjecting to spectrum commons characteristics 
including shared use and non-protection basis. 
In conclusion, the spectrum commons characteristics have potentially influenced the 
frequency assignment process in term of the nature of, rules governing, and common 
understanding on the use of spectrum commons as the IAD variables (physical condition, 
attribute of community, and rules-in-use). 
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Chapter 6 Conclusion, implications for Thailand, and future research 
This chapter presents the conclusion of this study, implications for Thailand, and future 
research. 
6.1 Conclusion 
The study demonstrates the spectrum management activities regarding spectrum commons in 
Thailand, including the spectrum commons allocation at WRC, transformation of spectrum 
commons regulation in the form of the RR into NBTC regulations, and implementing 
spectrum commons in Thailand in part of the spectrum assignment development. The study 
uses the overarching research question “How should spectrum commons be implemented 
in Thailand?”. Connecting three research questions from three papers illustrates the 
implementation of spectrum commons with the multi-layer IAD framework to explore 
spectrum commons issues at national and international levels. 
Paper I: How is international spectrum policy developed and affected by the lack of detailed 
documentation?  
The study demonstrates the spectrum allocation process at WRC via the spectrum commons 
issues of WRC-12 Agenda Items 1.19 and 1.22 in order to understand the international 
spectrum policy in part of the WRC preparatory process (WRC agenda setting and study 
process). By using the IAD framework, it provides a list of relevant questions to capture the 
international negotiation representing the rationale of RR revision that is available through 
participant observation, not included in ITU archive. 
Paper II: How is the Radio Regulations transformed into National Broadcasting and 
Telecommunications Commission regulation for spectrum commons in Thailand? 
The study presents the linkage between the international regulation in the form of the RR and 
national regulation in the form of NBTC regulation by using the IAD level of analysis and 
outcome. The study also illustrates the transformation of footnotes 5.138 and 5.150, frequency 
band allocation, and the RR TFA regarding spectrum commons into the national regulation in 
Thailand. The adoption of the RR TFA is transformed into the Thai TFA in terms of the 
definition of the ISM application, footnotes 5.138 and 5.150, frequency bands inside the 
footnotes, and the TFA. The transformation from international into national regulation is 
completed in the first phase in the form of the Thai TFA. However, national regulation, i.e., 
the Radiocommunication Act, prohibits the use of radiocommunication devices unless 
authorization is granted by the authority. The development of national regulation allowing the 
use of spectrum commons in Thailand must therefore be continued as the second phase via the 
unlicensed regulations. 
Paper III: What are the consequences of using spectrum commons for frequency assignment 
in Thailand? 
The study demonstrates the development of spectrum assignment for spectrum commons in 
Thailand. Using the IAD framework helps in understanding the bundle of rights to use 
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frequency in Thailand. The result shows that spectrum commons is one approach to spectrum 
assignment in Thailand that has been developed alongside command-and-control and marked-
based approaches. Spectrum commons has been initiated by the NFMA authorizing the PTD 
to allow radiocommunication devices of less than 1 watt to operate in Thailand. Such 
radiocommunication devices require the relevant radiocommunication licences. Additional 
authorization of spectrum commons has been developed over time until the MICT regulation 
on the exemption of the use of radiocommunication licences in 2004. This process shows that 
the use of spectrum commons belongs to national regulation in relation to the use of 
radiocommunication devices for end-users. 
Cover paper: How should spectrum commons be implemented in Thailand? 
Finally, the study demonstrates how the IAD framework assists in the understanding of 
spectrum commons from the allocation at international level at WRC in the form of the RR to 
the transformation into national regulation in the form of the NBTC in Thailand. Moreover, 
the development of spectrum commons regulation in Thailand also reveals the national rules-
in-use in a constitutional situation, apart from the RR. The study attempts to connect these 
three elements in order to understand spectrum commons from both a practical and theoretical 
perspective viewed through the IAD framework in terms of the level of analysis and 
outcomes. 
6.2 Implication for Thailand 
Paper I – Information and coordination in international spectrum policy: Implications for 
Thailand. 
Basic understanding of the RR development 
Thailand could use the RR development from the study contributions to understand the basic 
concept of the RR, especially the way the RR is reviewed and revised by WRC. 
The development of the RR for key definitions, important provisions, and frequency bands in 
specified services provides the basic information for Thailand to further investigate the 
relevant RR for detailed information. The study provides a starting point as a mind map to 
explore the ITU archives further. 
Moreover, the database compiled by the author can serve as a resource for the TFA 
development since no one collects and compares all the TFA in the RR versions. The database 
could represent a starting point for further exploration of the TFA issues 
RR implementation and caution 
The study confirms that the ITU archives lack the rationale behind the RR provisions. The 
rationale can be captured during the meeting discussions. In order to implement the RR, 
Thailand should be aware of this limitation, and it may consider participating in the ITU 
activities to obtain missing information or rationale that matters to Thailand. Thailand may 
start to consider the priority of the WRC agenda items in the case of limitations of resources 
and identify the relevant ITU activities to attend the WRC preparatory process. 
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WRC preparatory process 
The study illustrates the WRC preparatory process, the WRC agenda setting and the WRC 
study process. The WRC agenda setting takes two WRC cycles to complete for the next and 
future WRC agendas in the CPM report. However, the crucial forum is the last WRC, which 
finalizes the WRC agenda.  
The study explores the WRC agenda-setting process from 1993 to 2012. The results of the 
approval of the WRC agenda items at the finalized WRC reveal that the majority of the WRC 
agenda items come from the contributions at the finalized WRC. Moreover, the WRC agenda 
prepared by the CPM in the CPM report for the next and future WRC agenda items is 
reducing over time. 
Thailand should therefore concentrate on the finalized WRC by submitting contributions to 
and participating in this WRC to ensure inclusion of WRC agenda items if necessary. 
With regard to the WRC study cycle by ITU SG, after the WRC agenda item prioritization, 
Thailand should participate in the relevant activities by the relevant SGs and submit 
contributions (if necessary) to ensure preferable options are included in the CPM report. ITU 
SG/WP will usually convene approximately three times a year (from the previous meetings of 
SG1, WP1A, and WP1B). 
Regional preparatory meeting (APG) 
The study also elaborates on the role of the regional preparatory meeting, especially the APG, 
as the regional preparatory meeting in the Asia-Pacific regions by the APT. Moreover, ITU 
recognizes the importance of the six regional preparatory meetings as the regional forum for 
consolidation and negotiation among Member States represented by the commons or regional 
proposal. Furthermore, the regional coordinator or representative represents its own region to 
negotiate and report back to their regional meeting during WRC. The commons proposal and 
regional representative both help to reduce the number of documents and discussions at WRC 
and encourage consensus or compromise between Member States. 
The author was part of the Thai team preparing Thailand’s position on WRC-12 Agenda 
Items 1.19 and 1.22. During the meeting discussions at the APG2012-5, the author observed 
the dynamic meeting situation between APT members in order to understand the issue of 
these two agenda items and the APG preparatory process for the APT common proposal to 
WRC-12. The discussions varied between agenda items depending on the APT members’ 
standpoints (based on their interests). When a consensus or compromise was reached, the 
APT common proposal was submitted to WRC-12. 
Thailand should create a connection between stakeholders at national and regional level 
through participation in national and regional preparatory meetings. The connection between 
stakeholders enables information exchange and improves understanding of the issues or 
situations of the WRC agenda items in order to prepare Thailand’s position and protect its 
national interest. 
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The stakeholder connection, especially Member State networking, may help to relieve the 
issue of the missing information from the ITU archives and the information asymmetry 
between attending and non-attending Member States. The follow-up discussion with relevant 
Member States will enhance understanding of the issues, as the crucial information for 
improving Thailand’s decision-making process at the relevant meetings. 
WRC-12 Agenda Items 1.2, 1.19, and 1.22 
The study demonstrates the effects of the missing information on the WRC-12 Agenda Items 
1.2, 1.19, and 1.22 from Thailand’s perspective. The demonstration shows the strong impact 
this has on Thailand. It is important for Thailand to prepare for the rapid growth of new 
technology, especially the spectrum commons and FS and MS convergence. 
In order to prepare for the convergence technology, an evaluation of the current situation of 
both FS and MS is necessary: an up-to-date database. A review of the current status of FS and 
MS usage should be conducted and the existing database updated. The initial phase may begin 
with FS and MS and apply to all services at a later stage. 
To prepare for the relevant issues on spectrum commons, Thailand may consider participating 
in all relevant meetings, including the ITU SG, WP, CPM, SC, RA, and WRC parts of the 
WRC preparatory process (WRC agenda setting and WRC study process) to update the 
information and prepare Thailand’s position in order to take advantage of the advancement of 
technology. 
Paper II – Managing spectrum commons in Thailand: Allocation and assignment challenges 
This study provides an overview of the implementation of spectrum commons regulation in 
Thailand. This includes the development of spectrum allocation for spectrum commons in the 
RR, the main application and technology for spectrum commons, the development of 
spectrum assignment for spectrum commons in Thailand and the practical transformation 
from the RR into NBTC regulation. 
The study demonstrates that the process of transformation from international into national 
regulation is a time-consuming process through spectrum allocation at WRC and 
implementation of the national NBTC regulation to allow the use of spectrum commons both 
with the relevant licences and unlicensed. Thailand should transform or update the Thai TFA 
according to the RR revision on a timely basis in order to gain advantages or benefit from the 
updated regulation.  
Moreover, this study proposes looser regulation for spectrum commons in Thailand in order 
to gain advantages or benefit from the rapid change of technology, because the process of 




Paper III – Spectrum assignment policy: Towards an evaluation of spectrum commons in 
Thailand  
The study applies the IAD framework to understand the bundle of rights to use the frequency 
including exclusive and non-exclusive right to use frequency. The exclusive use of frequency 
by command-and-control or market-based approaches has limited the use of spectrum to the 
assignees or winning bidders. They sometimes do not occupy the spectrum. The framework of 
non-exclusive use of frequency is introduced in spectrum commons, while no one owns the 
frequency or has an exclusive right to use frequency. Users must share frequency and accept 
interference. The non-exclusivity increases the number of users and the efficiency until the 
maximum capacity is reached. 
Moreover, three types of spectrum commons have been used in Thailand (public commons, 
private commons, and unlicensed). Thailand should encourage more use of spectrum 
commons by additional unlicensed bands and allowing secondary users underneath primary 
users’ noise floor to increase spectrum efficiency. 
Thailand may consider adding spectrum commons to other frequency bands, imposing power 
limitation, and specifying frequency as necessary constraints. These constraints have a high 
potential to attract innovation. The market will select services and applications freely under 
the constraint to respond to demand. The low entry barrier makes spectrum easier to access 
and encourages competition in the market. The end-user will have better quality of service 
and lower prices.  
Thailand should use the value of spectrum commons as important information on whether to 
license or unlicense spectrum. The value of spectrum will reflect the best utilization of 
spectrum. Greater use of spectrum commons of frequency assignment will increase spectrum 
efficiency in terms of the number of frequency users and the spectrum utilization. 
The summary of implications for Thailand is as follows: 
 1) Using RR development and a database as basic information to further investigate 
the relevant RR in detail 
 2) Keeping in mind the limitation of ITU archives (lacking the rationale behind the RR 
provisions) 
 3) Sending NBTC staffs to attend relevant ITU activities after prioritizing WRC 
agenda items 
 4) Submitting contributions to the finalized WRC for WRC agenda setting 
 5) Creating connections between stakeholders and Member States at national and 
regional level by actively participating in national and regional preparatory meetings such as 
the APG and relevant ITU meetings 
 6) Transforming or updating the Thai TFA according to the RR revision on a timely 
basis in order to gain advantages or benefit from the updated regulation 
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 7) Loosening regulation for spectrum commons in order to gain advantages or benefit 
from the rapid change of technology 
 8) Considering more spectrum commons to another frequency band by imposing 
power limitations and specifying frequency as necessary constraints 
 9) Valuing spectrum commons as important information on whether to license or 
unlicense spectrum 
6.3 Future research 
Further study on the transformation of international regulation into national regulation in 
other services, such as fixed or mobile services, may be interesting. Moreover, a comparative 
study between countries in different regions (Regions 1, 2, and 3) may be interesting to 
explore in order to understand the different rules-in-use in different contexts. 
Further exploration of spectrum commons theory may be a possibility for future research. A 
deeper, metatheoretical exploration of spectrum commons would be possible to gain greater 
understanding of spectrum commons theory. 
Further studies on the transformation of other services, such as mobile services, from the RR 
into national regulation would be interesting to explore.  
Comparative studies on spectrum commons implementation between countries in different 
regions could also form the basis of other future studies to understand the differences and 
similarities between countries. 
From a theoretical point of view, the IAD framework by Ostrom, and the complete or 
incomplete information assumption depends on an action situation. An action situation that 
has complete information reduces the complexity of modeling the outcome. The study does 
not reformulate the theoretical part of the IAD framework; however, the study demonstrates 
and applies the IAD framework in the real action situation at the WRC-12 meetings, which 
contain the elements of incomplete information situations, as shown in the study. From a 
theoretical point of view, it may be of interest to conduct future research on the IAD 
framework by modifying the assumption to model the outcome in the case of incomplete 
information in other fields. 
Further feasibility studies on spectrum commons allocation in frequency bands other than 
those existing in footnotes 5.138 and 5.150 may be interesting to investigate in order to 
formulate the relevant technical characteristics and regulatory scheme at the national and 
regional, and WRC meetings in part of the WRC preparatory process (WRC agenda setting 
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W
i-F
i h
o
ts
po
ts
 
to
 
pr
o
v
id
e 
ac
ce
ss
 
to
 
th
e 
In
te
rn
et
.
 
In
de
pe
n
 
(20
06
) s
el
ec
te
d 
10
 
o
u
t o
f 1
00
 
u
n
lic
en
se
d 
ap
pl
ic
at
io
n
s,
 
ho
w
ev
er
,
 
an
d 
gi
v
en
 
th
at
,
 
th
er
e 
is
 
n
o
 
su
bs
tit
u
tio
n
 
ef
fe
ct
 
o
f t
he
 
st
u
dy
.
 
In
de
pe
n
 
(20
06
) p
ro
v
id
es
 
th
e 
n
u
m
be
r 
o
f a
cc
es
s 
po
in
t p
er
 
sq
u
ar
e 
ki
lo
m
et
er
 
su
bje
ct
 
to
 
th
e 
em
pi
ric
al
 
te
st
 
an
d 
as
su
m
pt
io
n
s,
 
i.e
.
,
 
8.
7 
an
d 
19
.
5 
pe
r 
sq
u
ar
e 
ki
lo
m
et
er
 
o
u
td
o
o
rs
 
an
d 
in
do
o
rs
 
(pu
bl
ic
 
ac
ce
ss
 
W
i-F
i).
 
Th
e 
n
u
m
be
r 
o
f 
ac
ce
ss
 
po
in
ts
 
is
 
th
e 
o
u
tp
u
t 
o
f 
th
e 
in
te
rfe
re
n
ce
 
te
st
in
g 
sc
en
ar
io
 
at
 
50
 
te
st
 
po
in
ts
.
 
M
o
re
o
v
er
,
 
th
e 
m
ax
im
u
m
 
v
o
lu
m
e 
o
f 
th
e 
ca
pa
ci
ty
 
th
at
 
an
 
ac
ce
ss
 
po
in
t 
ca
n
 
ha
n
dl
e 
is 
al
so
 
as
su
m
ed
.
 
D
u
rin
g 
a 
bu
sy
 
ho
u
r,
 
th
e 
ac
ce
ss
 
po
in
t 
ac
tiv
ity
 
ra
tio
 
is 
30
%
,
 
th
e 
w
o
rk
ab
le
 
ca
rr
ie
r 
is 
11
 
M
bp
s,
 
an
d 
th
e 
in
te
rfe
re
n
ce
 
pr
o
te
ct
io
n
 
o
f 
th
e 
te
st
 
po
in
t 
is 
90
%
, 
an
d 
th
re
e 
n
o
n
-
o
v
er
la
pp
in
g 
ch
an
n
el
s 
at
 
2.
4 
G
H
z 
ar
e 
as
su
m
ed
.
 
Th
e 
m
ax
im
u
m
 
ha
n
dl
in
g 
v
o
lu
m
e 
is 
87
,
00
0 
an
d 
39
,
00
0 
M
by
te
s/s
qu
ar
e 
ki
lo
m
et
er
 
in
do
o
rs
 
an
d 
o
u
td
o
o
rs
 
du
rin
g 
a 
bu
sy
 
ho
u
r,
 
re
sp
ec
tiv
el
y.
 
Th
e 
po
pu
la
tio
n
 
pe
n
et
ra
tio
n
 
ca
n
 
be
 
u
se
d 
to
 
ca
lc
u
la
te
 
th
e 
tr
af
fic
 
v
o
lu
m
e 
pe
r 
ye
ar
 
in
cl
u
di
n
g 
de
n
se
 
ar
ea
s,
 
u
rb
an
 
ar
ea
s,
 
an
d 
ru
ra
l a
re
as
.
 
6.
3 
E
n
gi
n
ee
ri
n
g 
v
a
lu
e 
 
Sw
ee
t 
et
 
al
.
 
(20
02
) p
ro
v
id
e 
th
e 
co
n
ce
pt
 
o
f v
al
u
at
io
n
 
o
f t
he
 
sp
ec
tr
u
m
 
by
 
u
sin
g 
th
e 
en
gi
n
ee
rin
g 
v
al
u
e.
 
Th
e 
en
gi
n
ee
rin
g 
v
al
u
e 
is 
de
te
rm
in
ed
 
by
 
th
e 
co
st
 
sa
v
in
g 
in
 
th
e 
in
fra
st
ru
ct
u
re
 
o
f t
he
 
o
pe
ra
to
rs
’
 
n
et
w
o
rk
,
 
o
bt
ai
n
ed
 
w
he
n
 
th
e 
ad
di
tio
n
al
 
sp
ec
tr
u
m
 
is 
u
se
d 
(S
w
ee
t e
t a
l.,
 
20
02
). 
Th
is 
is 
o
n
e 
w
ay
 
to
 
v
al
u
e 
B 
st
at
ed
 
in
 
Se
ct
io
n
 
6.
1.
 
W
ire
le
ss
 
co
m
m
u
n
ic
at
io
n
 
ca
n
 
re
pl
ac
e 
w
ire
 
co
m
m
u
n
ic
at
io
n
.
 
Fo
r 
ex
am
pl
e,
 
th
e 
co
pp
er
 
w
ire
 
te
le
ph
o
n
e 
lin
e 
fro
m
 
th
e 
lo
ca
l e
x
ch
an
ge
 
to
 
th
e 
cu
st
o
m
er
 
pr
em
ise
s 
ca
n
 
be
 
re
pl
ac
ed
 
by
 
th
e 
w
ire
le
ss
 
lo
ca
l l
o
o
p.
 
Th
e 
co
st
 
sa
v
in
g 
fro
m
 
im
pl
em
en
tin
g 
a 
w
ire
le
ss
 
co
n
n
ec
tio
n
 
in
st
ea
d 
o
f a
 
w
ire
 
co
n
n
ec
tio
n
 
is 
th
e 
v
al
u
e 
o
f t
he
 
sp
ec
tr
u
m
.
 
In
 
th
e 
o
th
er
 
ca
se
,
 
th
e 
u
se
 
o
f W
LA
N
 
o
r 
W
i-F
i i
n
 
th
e 
o
ffi
ce
 
re
pl
ac
es
 
th
e 
LA
N
 
co
n
n
ec
tio
n
 
to
 
al
l p
er
so
n
al
 
co
m
pu
te
rs
.
 
Th
e 
co
st
 
sa
v
in
g 
fo
r 
w
iri
n
g 
th
e 
LA
N
 
co
n
n
ec
tio
n
 
is 
th
e 
v
al
u
e 
o
f 
th
e 
W
i-F
i 
o
r 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
v
al
u
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
de
pe
n
ds
 
o
n
 
its
 
ap
pl
ic
at
io
n
 
an
d 
o
pe
ra
tin
g 
fre
qu
en
ci
es
.
 
Fo
r 
ex
am
pl
e,
 
In
te
rn
et
 
ac
ce
ss
 
fro
m
 
x
D
SL
,
 
ca
bl
e 
m
o
de
m
,
 
Fi
be
r 
to
 
th
e 
X
 
(F
TT
x
) (
ho
m
e,
 
bu
ild
in
g,
 
an
d 
cu
rb
,
 
et
c.
), a
n
d 
m
o
bi
le
 
te
le
ph
o
n
e 
n
et
w
o
rk
s 
ca
n
 
be
 
re
pl
ac
ed
 
by
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
v
ia
 
W
i-F
i 
o
r 
W
iM
ax
 
(if
 
th
e 
re
gu
la
to
r 
al
lo
w
s 
W
iM
ax
 
as
 
sp
ec
tru
m
 
co
m
m
o
n
s).
 
Th
e 
v
al
u
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
de
pe
n
ds
 
o
n
 
w
hi
ch
 
pa
rt
 
o
f t
he
 
n
et
w
o
rk
 
is 
re
pl
ac
ed
 
as
 
a 
co
st
 
sa
v
in
g.
 
A
t t
he
 
le
as
t, 
th
e 
co
pp
er
 
w
ire
 
lo
ca
l l
o
o
p 
to
 
th
e 
cu
st
o
m
er
 
pr
em
ise
s 
ca
n
 
be
 
re
pl
ac
ed
 
by
 
a 
W
i-F
i h
o
ts
po
t. 
Th
e 
W
iM
ax
 
ca
n
 
al
so
 
be
 
re
pl
ac
ed
 
by
 
FT
Tx
 
in
 
ru
ra
l a
re
as
.
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Th
e 
co
st
 
sa
v
in
gs
 
ar
e 
al
l r
el
ev
an
t c
o
st
s,
 
in
cl
u
di
n
g 
in
v
es
tm
en
t, 
in
st
al
la
tio
n
,
 
o
pe
ra
tio
n
,
 
an
d 
m
ai
n
te
n
an
ce
 
co
st
s.
 
Th
e 
en
gi
n
ee
rin
g 
v
al
u
e 
is
 
th
e 
co
st
 
sa
v
in
g 
th
at
 
ca
n
 
be
 
u
se
d 
as
 
th
e 
v
al
u
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s.
 
6.
4 
O
u
tli
n
e 
o
f t
he
 
v
a
lu
a
tio
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
fo
r 
Th
a
ila
n
d 
 
In
 
Th
ai
la
n
d,
 
sp
ec
tru
m
 
co
m
m
o
n
s 
ha
s 
be
en
 
im
pl
em
en
te
d 
sin
ce
 
20
04
, 
ac
co
rd
in
g 
to
 
th
e 
M
in
ist
er
ia
l 
R
eg
u
la
tio
n
 
o
f t
he
 
M
in
ist
ry
 
o
f T
ra
n
sp
o
rt
 
N
o
.
 
24
,
 
an
d 
th
e 
u
pd
at
ed
 
re
gu
la
tio
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
is 
th
e 
N
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
s 
Co
m
m
iss
io
n
 
R
eg
u
la
tio
n
 
o
f 
Ex
em
pt
io
n
 
o
f 
R
ad
io
co
m
m
u
n
ic
at
io
n
 
Li
ce
n
ce
s.
 
Th
e 
re
gu
la
to
r 
di
d 
n
o
t 
ac
co
u
n
t 
fo
r 
th
e 
v
al
u
at
io
n
 
o
f 
sp
ec
tru
m
 
co
m
m
o
n
s 
w
he
n
 
se
le
ct
in
g 
a 
sp
ec
ifi
ed
 
fre
qu
en
cy
 
fo
r 
u
n
lic
en
se
d 
de
v
ic
es
.
 
 
Th
e 
pr
o
ce
ss
 
o
rig
in
at
es
 
fro
m
 
im
po
rt
er
s 
o
r 
o
pe
ra
to
rs
 
w
ho
 
w
an
t t
o
 
m
ar
ke
t l
o
w
-
po
w
er
 
de
v
ic
es
.
 
Th
ey
 
se
n
d 
ap
pl
ic
at
io
n
s 
to
 
im
po
rt
 
de
v
ic
es
 
to
 
th
e 
re
gu
la
to
r 
fo
r 
im
po
rt
 
ra
di
o
co
m
m
u
n
ic
at
io
n
 
lic
en
ce
s.
 
Th
e 
re
gu
la
to
r 
ch
ec
ks
 
w
ith
 
th
e 
ex
is
tin
g 
re
gu
la
tio
n
,
 
in
cl
u
di
n
g 
th
e 
N
at
io
n
al
 
Ta
bl
e 
Fr
eq
u
en
cy
 
A
llo
ca
tio
n
,
 
IT
U
 
re
gu
la
tio
n
s,
 
an
d 
re
co
m
m
en
da
tio
n
s.
 
Th
e 
re
gu
la
to
rs
 
ch
ec
k 
th
e 
te
ch
n
ic
al
 
sp
ec
ifi
ca
tio
n
s 
o
f 
th
e 
de
v
ic
es
: 
fre
qu
en
cy
,
 
po
w
er
 
lim
ita
tio
n
,
 
ap
pl
ic
at
io
n
, 
an
d 
st
an
da
rd
 
to
 
en
su
re
 
th
er
e 
is 
n
o
 
ha
rm
fu
l i
n
te
rfe
re
n
ce
 
w
ith
 
th
e 
ex
is
tin
g 
se
rv
ic
es
.
 
A
fte
r 
th
at
,
 
th
e 
re
gu
la
to
rs
 
gr
an
t 
th
e 
au
th
o
riz
at
io
n
 
an
d 
th
e 
im
po
rt
 
ra
di
o
co
m
m
u
n
ic
at
io
n
 
lic
en
ce
.
 
Th
e 
au
th
o
riz
at
io
n
 
in
cl
u
de
s 
th
e 
re
le
v
an
t r
ad
io
co
m
m
u
n
ic
at
io
n
 
lic
en
ce
s.
 
If 
re
gu
la
to
rs
 
w
an
t 
to
 
fa
ci
lit
at
e 
th
e 
u
se
 
o
f 
de
v
ic
es
 
an
d 
de
re
gu
la
te
 
th
em
,
 
th
ey
 
sh
o
u
ld
 
su
pp
o
rt
 
u
n
lic
en
se
d 
re
gu
la
tio
n
.
 
O
n
ce
 
de
v
ic
es
 
ar
e 
u
n
lic
en
se
d,
 
al
l r
el
ev
an
t r
ad
io
co
m
m
u
n
ic
at
io
n
 
lic
en
ce
s 
ar
e 
ex
em
pt
ed
.
 
T
he
 
ca
se
 
o
f W
LA
N
 
 
In
 
Th
ai
la
n
d,
 
th
e 
PT
D
 
al
lo
w
ed
 
W
LA
N
 
u
se
 
in
 
19
96
 
u
n
de
r 
th
e 
PT
D
 
re
gu
la
tio
n
 
an
d 
u
se
rs
 
ha
d 
to
 
o
bt
ai
n
 
re
le
v
an
t r
ad
io
co
m
m
u
n
ic
at
io
n
 
lic
en
ce
s.
 
A
t t
he
 
tim
e,
 
th
e 
u
se
 
o
f W
LA
N
 
w
as
 
lim
ite
d 
to
 
in
do
o
r 
u
se
 
o
n
ly
.
 
In
 
20
03
,
 
th
e 
PT
D
 
am
en
de
d 
th
e 
re
gu
la
tio
n
 
to
 
al
lo
w
 
bo
th
 
in
do
o
r 
an
d 
o
u
td
o
o
r 
u
se
 
w
ith
 
re
le
v
an
t 
ra
di
o
co
m
m
u
n
ic
at
io
n
 
lic
en
ce
s.
 
Th
e 
W
LA
N
 
de
v
ic
es
 
be
ca
m
e 
u
n
lic
en
se
d 
in
 
20
04
 
in
 
te
rm
s 
o
f t
he
 
M
in
ist
er
ia
l R
eg
u
la
tio
n
 
o
f E
x
em
pt
io
n
 
o
f 
R
ad
io
co
m
m
u
n
ic
at
io
n
 
Li
ce
n
ce
s,
 
th
e 
M
in
ist
ry
 
o
f 
In
fo
rm
at
io
n
 
an
d 
Co
m
m
u
n
ic
at
io
n
 
Te
ch
n
o
lo
gy
 
in
cl
u
di
n
g 
W
LA
N
 
in
 
th
e 
24
00
-
25
00
 
M
H
z 
ba
n
d.
 
M
o
re
o
v
er
,
 
th
e 
N
TC
 
ha
s 
gr
an
te
d 
lic
en
se
d 
W
i-F
i 
ho
ts
po
ts
 
to
 
th
e 
In
te
rn
et
 
se
rv
ic
e 
pr
o
v
id
er
s 
sin
ce
 
20
05
.
 
In
 
20
07
,
 
th
e 
N
TC
 
u
pd
at
ed
 
th
e 
u
n
lic
en
se
d 
re
gu
la
tio
n
 
an
d 
al
lo
w
ed
 
51
50
-
53
50
/5
47
0-
57
25
/5
72
5-
58
50
 
M
H
z
 
fo
r  
W
LA
N
.
 
Tw
o
 
sc
en
a
ri
o
s 
fo
r 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
a
ila
n
d 
In
 
Th
ai
la
n
d,
 
W
i-F
i d
ev
ic
es
 
co
-
lo
ca
te
 
w
ith
 
a 
fix
ed
 
m
ic
ro
w
av
e 
lin
k 
in
 
th
e 
2.
4 
G
H
z 
ba
n
d.
 
W
i-F
i d
ev
ic
es
 
o
pe
ra
te
 
w
ith
 
lo
w
-
po
w
er
 
o
u
tp
u
t o
f 1
00
 
m
ill
iw
at
ts
 
(e.
i.r
.
p.
). T
he
 
fix
ed
 
m
ic
ro
w
av
e 
lin
k 
o
pe
ra
te
s 
at
 
hi
gh
er
 
po
w
er
 
o
u
tp
u
t, 
ho
w
ev
er
,
 
fo
r 
ex
am
pl
e,
 
o
u
tp
u
t p
o
w
er
 
o
f 3
 
w
at
ts
 
an
d 
an
te
n
n
a 
ga
in
 
o
f 1
7 
dB
i. 
Th
e 
W
i-F
i 
de
v
ic
es
 
ca
n
 
o
pe
ra
te
 
w
ith
 
a 
fix
ed
 
m
ic
ro
w
av
e 
lin
k 
w
ith
o
u
t c
au
sin
g 
ha
rm
fu
l i
n
te
rfe
re
n
ce
.
 
Fr
o
m
 
th
e 
ca
se
 
o
f 
Th
ai
la
n
d,
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ca
n
 
be
 
im
pl
em
en
te
d 
in
to
 
tw
o
 
sc
en
ar
io
s.
 
Th
e 
fir
st
 
sc
en
ar
io
,
 
as
 
m
en
tio
n
ed
 
ab
o
v
e,
 
is 
co
-
lo
ca
tio
n
 
w
ith
 
an
 
ex
ist
in
g 
se
rv
ic
e.
 
Th
e 
se
co
n
d 
sc
en
ar
io
 
is
 
th
e 
tr
ad
e-
o
ff 
be
tw
ee
n
 
lic
en
se
d 
an
d 
u
n
lic
en
se
d 
fo
r 
n
ew
 
fre
qu
en
cy
.
 
Co
-
lo
ca
tio
n
 
w
ith
 
e
xi
st
in
g 
se
rv
ic
es
 
In
 
Th
ai
la
n
d,
 
th
e 
de
ci
si
o
n
-
m
ak
er
s 
o
r 
re
gu
la
to
rs
 
m
u
st
 
de
ci
de
 
w
he
th
er
 
to
 
im
pl
em
en
t s
pe
ct
ru
m
 
co
m
m
o
n
s 
w
ith
 
th
e 
ex
is
tin
g 
se
rv
ic
es
.
 
If 
th
e 
re
gu
la
to
r 
de
ci
de
s 
to
 
al
lo
w
 
sp
ec
tru
m
 
co
m
m
o
n
s 
to
 
be
 
co
-
lo
ca
te
d 
w
ith
 
ex
ist
in
g 
se
rv
ic
es
,
 
th
e 
v
al
u
e 
o
f 
fre
qu
en
cy
 
u
se
 
ca
n
 
be
 
o
bt
ai
n
ed
 
fro
m
 
bo
th
 
ex
ist
in
g 
se
rv
ic
es
 
(Z
) a
n
d 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
(X
), 
in
 
th
e 
ca
se
 
o
f 
im
pl
em
en
tin
g 
sp
ec
tru
m
 
co
m
m
o
n
s 
an
d 
th
e 
ex
te
rn
al
ity
 
o
f 
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sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
te
rm
s 
o
f s
o
ci
al
 
be
n
ef
it 
(Y
). 
O
n
 
th
e 
o
th
er
 
ha
n
d,
 
th
e 
v
al
u
e 
o
f f
re
qu
en
cy
 
u
se
 
ca
n
 
o
n
ly
 
be
 
o
bt
ai
n
ed
 
fro
m
 
ex
ist
in
g 
se
rv
ic
e 
in
 
th
e 
ca
se
 
o
f n
o
t i
m
pl
em
en
tin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
v
al
u
e 
o
f i
m
pl
em
en
tin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ca
n
 
be
 
o
bt
ai
n
ed
 
di
re
ct
ly
 
fro
m
 
th
e 
v
al
u
e 
o
f t
he
 
fre
qu
en
cy
 
u
se
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
an
d 
its
 
ex
te
rn
al
ity
.
 
Fi
gu
re
 
12
 
de
pi
ct
s 
th
e 
v
al
u
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
an
d 
w
he
th
er
 
it 
sh
o
u
ld
 
be
 
im
pl
em
en
te
d.
 
 
Fi
gu
re
 
12
.
 
V
al
u
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
(co
-
lo
ca
tio
n
 
w
ith
 
ex
ist
in
g 
se
rv
ic
e) 
Th
e 
sp
ec
tru
m
 
co
m
m
o
n
s 
ca
n
 
be
 
co
-
lo
ca
te
d 
w
ith
 
ex
ist
in
g 
se
rv
ic
e.
 
Th
e 
v
al
u
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
ca
n
 
be
 
de
riv
ed
 
di
re
ct
ly
 
fro
m
 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
its
el
f a
n
d 
its
 
ex
te
rn
al
ity
.
 
Tr
a
de
-
o
ff b
et
w
e
en
 
lic
en
se
d 
a
n
d 
u
n
lic
en
se
d 
for
 
n
ew
 
fre
qu
en
c
y 
a
llo
ca
tio
n
 
If 
th
e 
re
gu
la
to
r 
ha
s 
to
 
tr
ad
e 
o
ff 
be
tw
ee
n
 
lic
en
se
d 
an
d 
u
n
lic
en
se
d 
ap
pl
ic
at
io
n
,
 
th
e 
v
al
u
e 
o
f t
he
 
sp
ec
tru
m
 
ha
s 
to
 
be
 
de
te
rm
in
ed
 
fo
r 
bo
th
 
lic
en
se
d 
an
d 
u
n
lic
en
se
d.
 
Th
e 
v
al
u
e 
o
f l
ic
en
se
d 
sp
ec
tr
u
m
 
ca
n
 
be
 
o
bt
ai
n
ed
 
fro
m
 
th
e 
fin
an
ci
al
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is
 
at
 
fir
m
 
le
v
el
.
 
O
n
 
th
e 
o
th
er
 
ha
n
d,
 
th
e 
v
al
u
e 
o
f 
sp
ec
tru
m
 
co
m
m
o
n
s 
ca
n
 
be
 
de
te
rm
in
ed
 
fro
m
 
an
 
ef
fic
ie
n
cy
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
at
 
th
e 
ec
o
n
o
m
y 
le
v
el
.
 
Th
e 
v
al
u
e 
o
f 
sp
ec
tru
m
 
co
m
m
o
n
s 
ha
s 
be
en
 
o
bt
ai
n
ed
 
fro
m
 
th
e 
fin
an
ci
al
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
o
f 
its
 
ap
pl
ic
at
io
n
s 
an
d 
th
e 
be
n
ef
it 
o
f a
ll 
th
e 
m
em
be
rs
 
o
f s
o
ci
et
y.
 
Th
e 
re
gu
la
to
r 
ha
s 
to
 
ta
ke
 
th
e 
v
al
u
e 
o
f 
lic
en
se
d 
an
d 
u
n
lic
en
se
d 
sp
ec
tr
u
m
 
in
to
 
co
n
sid
er
at
io
n
.
 
Th
e 
re
gu
la
to
r 
se
le
ct
s 
th
e 
hi
gh
er
 
v
al
u
e 
o
f t
he
 
sp
ec
tr
u
m
.
 
Fi
gu
re
 
13
 
de
sc
rib
es
 
th
e 
tr
ad
e-
o
ff 
be
tw
ee
n
 
lic
en
se
d 
an
d 
u
n
lic
en
se
d 
sp
ec
tru
m
.
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Fi
gu
re
 
13
.
 
V
al
u
e 
o
f f
re
qu
en
cy
 
in
 
th
e 
ca
se
 
o
f t
ra
de
-
o
ff
 
be
tw
ee
n
 
lic
en
se
d 
an
d 
u
n
lic
en
se
d 
sp
ec
tr
u
m
 
 
Th
is 
he
lp
s 
to
 
re
fle
ct
 
th
e 
de
ci
sio
n
-
m
ak
er
’
s 
ch
o
ic
es
 
to
 
im
pl
em
en
t 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
co
-
lo
ca
te
d 
o
r 
tr
ad
e-
o
ff 
o
pt
io
n
s.
 
Su
gg
es
tio
n
 
fo
r 
a
 
v
a
lu
a
tio
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
in
 
T
ha
ila
n
d 
Sp
ec
tr
u
m
 
co
m
m
o
n
s 
w
as
 
in
tr
o
du
ce
d 
in
to
 
Th
ai
la
n
d 
in
 
19
93
,
 
ac
co
rd
in
g 
to
 
th
e 
M
in
ist
er
ia
l R
eg
u
la
tio
n
 
o
f 
M
in
ist
ry
 
o
f 
Tr
an
sp
o
rt
 
N
o
.
 
24
.
 
A
t 
th
e 
tim
e,
 
o
n
ly
 
te
ch
n
ic
al
 
as
pe
ct
s 
ha
d 
be
en
 
ta
ke
n
 
in
to
 
ac
co
u
n
t, 
es
pe
ci
al
ly
 
th
e 
ha
rm
fu
l i
n
te
rfe
re
n
ce
 
w
ith
 
o
th
er
 
se
rv
ic
es
 
o
r 
ap
pl
ic
at
io
n
s.
 
Th
e 
sp
ec
ifi
c 
u
sa
ge
,
 
fre
qu
en
ci
es
,
 
an
d 
po
w
er
 
lim
ita
tio
n
 
ha
v
e 
be
en
 
ad
dr
es
se
d 
by
 
th
e 
re
gu
la
tio
n
.
 
U
n
til
 
20
04
,
 
th
e 
M
in
ist
er
ia
l R
eg
u
la
tio
n
 
o
f 
th
e 
M
in
ist
ry
 
o
f 
In
fo
rm
at
io
n
 
an
d 
Co
m
m
u
n
ic
at
io
n
s 
Te
ch
n
o
lo
gy
 
o
f 
th
e 
Ex
em
pt
io
n
 
o
f 
R
ad
io
co
m
m
u
n
ic
at
io
n
 
Li
ce
n
ce
s,
 
th
e 
u
n
lic
en
se
d 
ap
pl
ic
at
io
n
 
ha
d 
be
en
 
m
o
re
 
se
rv
ic
e 
an
d 
te
ch
n
o
lo
gy
 
n
eu
tr
al
ity
.
 
O
n
ly
 
sp
ec
ifi
ed
 
fre
qu
en
cy
 
an
d 
po
w
er
 
lim
ita
tio
n
 
re
m
ai
n
s 
in
 
th
e 
re
gu
la
tio
n
.
 
Th
e 
re
gu
la
to
r 
do
es
 
n
o
t t
ak
e 
th
e 
v
al
u
at
io
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d 
in
to
 
ac
co
u
n
t a
s 
im
po
rt
an
t 
in
fo
rm
at
io
n
 
o
n
 
w
he
th
er
 
to
 
al
lo
w
 
u
sa
ge
 
o
f 
u
n
lic
en
se
d 
ap
pl
ic
at
io
n
s.
 
Th
er
e 
ar
e 
m
an
y 
u
n
lic
en
se
d 
ap
pl
ic
at
io
n
s 
in
 
an
y 
fre
qu
en
c
y 
ba
n
d 
in
 
Th
ai
la
n
d.
 
Th
e 
fo
cu
s 
o
n
 
th
e 
o
pe
ra
tin
g 
ap
pl
ic
at
io
n
 
an
d 
fre
qu
en
cy
 
ba
n
d 
sh
o
u
ld
 
be
 
id
en
tif
ie
d.
 
Th
is 
th
es
is 
pr
o
v
id
es
 
an
 
in
iti
al
 
su
gg
es
tio
n
 
to
 
v
al
u
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Fr
o
m
 
th
e 
v
al
u
e 
o
f u
n
lic
en
se
d 
ap
pl
ic
at
io
n
s 
fro
m
 
In
de
pe
n
 
(20
06
) in
 
Ta
bl
e 
23
,
 
th
e 
hi
gh
es
t v
al
u
e 
is 
pu
bl
ic
 
W
i-F
i t
ha
t 
o
pe
ra
te
s 
in
 
th
e 
2.
4 
G
H
z 
ba
n
d.
 
In
 
th
e 
2.
4 
G
H
z 
ba
n
d,
 
Th
ai
la
n
d 
ha
s 
al
lo
w
ed
 
W
LA
N
 
to
 
be
 
u
se
d 
sin
ce
 
19
96
 
an
d 
u
n
lic
en
se
d 
sin
ce
 
20
04
.
 
It 
is 
in
te
re
st
in
g 
to
 
ex
pl
o
re
 
W
LA
N
,
 
be
ca
u
se
 
th
er
e 
ar
e 
tw
o
 
tim
el
in
es
: 
19
96
-
20
04
 
an
d 
af
te
r 
20
04
.
 
M
o
re
o
v
er
,
 
th
e 
In
te
rn
et
 
se
rv
ic
e 
pr
o
v
id
er
 
ha
s 
be
en
 
ab
le
 
to
 
u
se
 
W
i-
Fi
 
to
 
pr
o
v
id
e 
ho
ts
po
ts
 
fo
r 
In
te
rn
et
 
ac
ce
ss
 
sin
ce
 
20
05
.
 
Th
e 
u
se
 
o
f 
th
e 
2.
4 
G
H
z 
ba
n
d 
fo
r 
W
i-F
i 
in
 
Th
ai
la
n
d 
al
so
 
in
cr
ea
se
s 
fro
m
 
tim
e 
to
 
tim
e.
 
A
t 
th
e 
in
iti
al
 
st
ag
e,
 
th
e 
o
pe
ra
tin
g 
fre
qu
en
cy
 
is 
id
en
tif
ie
d 
as
 
th
e 
2.
4 
G
H
z 
ba
n
d 
in
 
th
is 
th
es
is.
 
Th
e 
ap
pl
ic
at
io
n
 
o
f u
n
lic
en
se
d 
ap
pl
ic
at
io
n
s 
is 
W
i-F
i r
o
u
te
rs
 
th
at
 
ca
n
 
be
 
u
se
d 
as
 
pu
bl
ic
 
W
i-F
i h
o
ts
po
ts
 
an
d 
ho
m
e 
W
i-F
i r
o
u
te
rs
.
 
Th
e 
im
po
rt
an
t 
st
ak
eh
o
ld
er
s 
th
at
 
ar
e 
re
le
v
an
t 
to
 
W
i-F
i 
ro
u
te
rs
 
ha
v
e 
al
so
 
be
en
 
id
en
tif
ie
d.
 
A
t 
th
e 
co
n
st
itu
tio
n
al
 
ch
o
ic
e 
le
v
el
,
 
it 
is 
th
e 
re
gu
la
to
r 
(N
TC
). 
A
t 
th
e 
co
lle
ct
iv
e 
ch
o
ic
e 
le
v
el
,
 
th
er
e 
ar
e 
m
an
u
fa
ct
u
re
rs
,
 
im
po
rt
er
s,
 
de
al
er
s,
 
re
ta
ile
rs
,
 
W
i-F
i o
pe
ra
to
rs
,
 
In
te
rn
et
 
se
rv
ic
e 
pr
o
v
id
er
s,
 
an
d 
te
le
co
m
 
o
pe
ra
to
rs
.
 
A
t t
he
 
o
pe
ra
tio
n
al
 
le
v
el
,
 
it 
is 
th
e 
en
d-
u
se
rs
.
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Th
e 
st
ak
eh
o
ld
er
s 
ar
e 
th
e 
pu
bl
ic
 
W
i-F
i o
pe
ra
to
r 
an
d 
th
e 
en
d-
u
se
rs
.
 
Ta
bl
e 
24
 
sh
o
w
s 
th
e 
po
ss
ib
le
 
be
n
ef
its
 
an
d 
co
st
s 
o
f t
he
 
pu
bl
ic
 
W
i-F
i o
pe
ra
to
r 
an
d 
en
d-
u
se
rs
 
(ho
m
e 
da
ta
 
n
et
w
o
rk
in
g).
 
Th
e 
W
i-F
i o
pe
ra
to
r 
w
ill
 
u
se
 
pu
bl
ic
 
W
i-F
i a
cc
es
s 
as
 
its
 
pr
o
jec
t, 
as
 
B 
in
 
Se
ct
io
n
 
6.
1.
 
Th
e 
en
d-
u
se
rs
 
u
se
 
th
e 
W
i-F
i r
o
u
te
r 
at
 
ho
m
e 
as
 
th
e 
be
n
ef
it 
o
f t
he
 
re
fe
re
n
t g
ro
u
p,
 
as
 
C 
in
 
Se
ct
io
n
 
6.
1.
 
T
a
bl
e 
24
.
 
B
en
ef
it 
an
d 
co
st
 
o
f p
u
bl
ic
 
ac
ce
ss
 
W
i-F
i a
n
d 
ho
m
e 
da
ta
 
n
et
w
o
rk
in
g 
 
Pu
bl
ic
 
W
i-F
i o
pe
ra
to
r 
H
o
m
e 
da
ta
 
n
et
w
o
rk
in
g 
Be
n
ef
it 
Co
st
 
B
en
ef
it 
C
o
st
 
R
ev
en
u
e 
W
ire
le
ss
 
ro
u
te
r 
in
st
al
la
tio
n
+
m
ai
n
te
n
an
ce
 
W
iri
n
g 
co
st
 
re
du
ct
io
n
 
W
ire
le
ss
 
ro
u
te
r 
W
iri
n
g 
co
st
 
re
du
ct
io
n
 
In
te
rn
et
 
co
n
n
ec
tio
n
 
fe
e 
In
cr
ea
se
d 
fle
x
ib
ili
ty
 
 
Li
ce
n
ce
 
ex
em
pt
io
n
 
IS
P 
lic
en
se
d 
fe
e 
Li
ce
n
ce
 
ex
em
pt
io
n
 
 
Pu
bl
ic
 
W
i-F
i o
pe
ra
to
r 
Re
ve
n
u
e
: 
Th
e 
W
i-F
i o
pe
ra
to
rs
 
re
ce
iv
e 
in
co
m
e 
by
 
ch
ar
gi
n
g 
th
e 
u
se
rs
 
in
 
se
v
er
al
 
pa
ck
ag
es
,
 
pr
e-
pa
id
 
an
d 
po
st
-
pa
id
 
se
rv
ic
e.
 
Th
e 
po
ss
ib
le
 
pa
ck
ag
es
 
ar
e 
ch
ar
ge
d 
pe
r 
v
o
lu
m
e 
o
r 
du
ra
tio
n
 
o
f u
sa
ge
.
 
Th
e 
st
re
am
 
o
f 
in
co
m
e 
ca
n
 
be
 
fo
re
ca
st
 
fro
m
 
th
e 
u
se
r 
de
m
an
d 
de
riv
in
g 
fro
m
 
th
e 
n
et
w
o
rk
 
ca
pa
ci
ty
 
u
til
iz
at
io
n
.
 
Th
e 
fo
re
ca
st
 
o
f 
de
m
an
d 
is 
fro
m
 
20
10
 
to
 
20
30
.
 
Th
e 
v
o
lu
m
e 
o
f 
tr
af
fic
 
v
ar
ie
d 
fro
m
 
ar
ea
 
to
 
ar
ea
.
 
Th
e 
th
re
e 
ty
pe
s 
o
f p
o
pu
la
tio
n
 
de
n
sit
y 
ar
e 
bu
sin
es
s,
 
u
rb
an
,
 
an
d 
ru
ra
l a
re
a.
 
Th
e 
as
su
m
pt
io
n
 
o
f h
ig
h,
 
m
ed
iu
m
,
 
an
d 
lo
w
 
de
m
an
d 
ca
n
 
be
 
ap
pl
ie
d.
 
Th
e 
po
rt
io
n
,
 
as
 
a 
pe
rc
en
ta
ge
 
o
f t
he
 
m
ax
im
u
m
 
v
o
lu
m
e 
o
f t
ra
ffi
c,
 
ca
n
 
be
 
ad
jus
te
d 
as
 
10
0%
,
 
85
%
,
 
an
d 
20
%
,
 
re
sp
ec
tiv
el
y.
 
Th
e 
bu
sin
es
s,
 
u
rb
an
,
 
an
d 
ru
ra
l 
ar
ea
 
ca
n
 
be
 
ca
lc
u
la
te
d 
as
 
a 
pe
rc
en
ta
ge
 
o
f 
th
e 
o
v
er
al
l 
ar
ea
 
su
ch
 
as
 
3%
,
 
6%
,
 
an
d 
91
%
,
 
re
sp
ec
tiv
el
y.
 
Th
es
e 
tw
o
 
as
su
m
pt
io
n
s 
ar
e 
o
bt
ai
n
ed
 
fro
m
 
an
 
N
TC
 
pr
o
jec
t i
n
 
20
10
 
o
n
 
co
m
pr
eh
en
siv
e 
sp
ec
tr
u
m
 
v
al
u
at
io
n
 
w
ire
le
ss
 
pe
rfo
rm
an
ce
 
an
d 
de
m
an
d 
as
se
ss
m
en
t 
fo
r 
th
e 
K
in
gd
o
m
 
o
f T
ha
ila
n
d:
 
to
w
ar
ds
 
an
d 
o
pt
im
iz
ed
 
sp
ec
tr
u
m
 
m
as
te
r 
pl
an
.
 
 
Th
e 
de
m
an
d 
fo
re
ca
st
 
fo
r 
pu
bl
ic
 
ac
ce
ss
 
W
i-F
i 
ca
n
 
be
 
ca
pt
u
re
d 
as
 
a 
po
rt
io
n
 
o
f 
In
te
rn
et
 
tr
af
fic
.
 
Th
e 
in
te
rp
o
la
tio
n
 
o
f t
he
 
gr
o
w
th
 
o
f t
ha
t t
ra
ffi
c 
ca
n
 
in
fe
r 
de
m
an
d 
fo
r 
pu
bl
ic
 
ac
ce
ss
 
W
i-F
i f
ro
m
 
20
10
 
to
 
20
30
 
as
 
a 
to
p-
do
w
n
 
ap
pr
o
ac
h.
 
Co
st
 
sa
vi
n
g:
 
Th
e 
W
i-F
i c
o
n
n
ec
tio
n
 
ca
n
 
be
 
re
pl
ac
ed
 
w
ith
 
a 
tr
ad
iti
o
n
al
 
lo
ca
l l
o
o
p 
su
ch
 
as
 
co
pp
er
 
w
ire
.
 
Th
e 
W
i-F
i a
s 
an
 
ac
ce
ss
 
m
ed
iu
m
 
ca
n
 
sa
v
e 
th
e 
co
st
 
fo
r 
w
iri
n
g 
th
e 
lo
ca
l l
o
o
p 
to
 
cu
st
o
m
er
 
pr
em
ise
s 
o
r 
lin
e 
re
n
ta
l f
ro
m
 
a 
te
le
co
m
 
o
pe
ra
to
r.
 
Th
e 
lo
ca
l l
o
o
p 
in
 
Th
ai
la
n
d 
is 
co
pp
er
 
w
ire
d.
 
M
o
re
o
v
er
,
 
th
e 
W
i-F
i 
co
n
n
ec
tio
n
 
ca
n
 
pr
o
v
id
e 
hi
gh
er
 
ba
n
dw
id
th
 
th
an
 
x
D
SL
 
an
d 
in
 
ar
ea
s 
w
ith
o
u
t a
n
y 
w
ire
d 
n
et
w
o
rk
.
 
Li
ce
n
ce
 
ex
em
pt
io
n
: 
Th
e 
W
i-F
i o
pe
ra
to
rs
 
ar
e 
ex
em
pt
ed
 
fro
m
 
pa
yi
n
g 
fo
r 
im
po
rt
at
io
n
,
 
in
st
al
la
tio
n
,
 
an
d 
u
sin
g 
W
i-F
i 
ro
u
te
rs
,
 
be
ca
u
se
 
o
f 
th
e 
u
n
lic
en
se
d 
re
gu
la
tio
n
.
 
M
o
re
o
v
er
,
 
th
e 
fre
qu
en
cy
 
u
sa
ge
 
fe
e 
is 
ex
em
pt
ed
.
 
Co
st
: 
Th
e 
pu
bl
ic
 
W
i-F
i o
pe
ra
to
rs
 
ha
v
e 
to
 
pa
y 
fo
r 
th
e 
W
i-F
i r
o
u
te
r 
an
d 
in
st
al
la
tio
n
 
co
st
 
–
 
a 
o
n
e-
tim
e 
ch
ar
ge
.
 
M
o
re
o
v
er
,
 
th
ey
 
ha
v
e 
to
 
pa
y 
th
e 
m
ai
n
te
n
an
ce
 
co
st
 
af
te
r 
im
pl
em
en
ta
tio
n
 
to
 
th
e 
en
d 
o
f b
u
sin
es
s.
 
Th
e 
co
st
 
o
f c
o
n
n
ec
tio
n
 
fro
m
 
th
e 
pu
bl
ic
 
W
i-F
i r
o
u
te
r 
to
 
th
e 
In
te
rn
et
 
ga
te
w
ay
 
is
 
th
e 
o
pe
ra
tin
g 
co
st
.
 
Th
e 
IS
P 
lic
en
se
 
is
 
th
e 
ad
m
in
is
tra
tiv
e 
co
st
 
pa
ya
bl
e 
ye
ar
ly
.
 
H
o
m
e 
da
ta
 
n
et
w
o
rk
in
g 
Co
st
 
sa
vi
n
g:
 
Th
e 
W
i-F
i 
co
n
n
ec
tio
n
 
ca
n
 
re
pl
ac
e 
th
e 
w
ire
 
in
sid
e 
th
e 
ho
m
e.
 
Th
e 
W
i-F
i 
as
 
an
 
ac
ce
ss
 
m
ed
iu
m
 
ca
n
 
sa
v
e 
th
e 
co
st
 
o
f 
w
iri
n
g 
ca
bl
e 
to
 
cu
st
o
m
er
 
de
v
ic
es
 
su
ch
 
as
 
LA
N
 
co
n
n
ec
tio
n
,
 
pr
in
te
r,
 
sp
ea
ke
rs
,
 
an
d 
ho
m
e 
en
te
rt
ai
n
m
en
t. 
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O
th
er
 
be
n
efi
t: 
Th
e 
fle
x
ib
ili
ty
 
o
f 
th
e 
cu
st
o
m
er
 
to
 
m
o
v
e 
ar
o
u
n
d 
th
e 
ho
m
e 
w
ill
 
be
 
th
e 
ad
de
d 
as
 
a 
co
n
su
m
er
 
su
rp
lu
s.
 
Li
ce
n
ce
 
ex
em
pt
io
n
: 
Th
e 
en
d-
u
se
rs
 
ar
e 
ex
em
pt
ed
 
fro
m
 
pa
yi
n
g 
fo
r 
in
st
al
la
tio
n
,
 
an
d 
u
sin
g 
W
i-F
i r
o
u
te
rs
 
be
ca
u
se
 
o
f t
he
 
u
n
lic
en
se
d 
re
gu
la
tio
n
.
 
M
o
re
o
v
er
,
 
th
e 
fre
qu
en
cy
 
u
sa
ge
 
fe
e 
is
 
ex
em
pt
ed
.
 
Co
st
: 
Th
e 
u
se
rs
 
ha
v
e 
to
 
pa
y 
fo
r 
th
ei
r 
W
i-F
i r
o
u
te
rs
 
o
n
ce
.
 
Th
e 
n
u
m
be
r 
o
f 
W
i-F
i 
ro
u
te
rs
 
at
 
ho
m
e 
ca
n
 
be
 
ca
lc
u
la
te
d 
fro
m
 
th
e 
n
u
m
be
r 
o
f 
ho
u
se
ho
ld
s 
w
ith
 
a 
w
ire
le
ss
 
ro
u
te
r,
 
w
hi
ch
 
ca
n
 
be
 
o
bt
ai
n
ed
 
fro
m
 
th
e 
n
u
m
be
r 
o
f 
x
D
SL
 
su
bs
cr
ib
er
s.
 
M
o
st
 
pr
o
v
id
er
s 
o
ffe
r 
w
ire
le
ss
 
ro
u
te
rs
 
to
 
n
ew
 
su
bs
cr
ib
er
 
fo
r 
fre
e 
o
r 
at
 
a 
de
du
ct
ib
le
 
pr
ic
e.
 
A
 
po
rt
io
n
 
o
f t
he
 
gr
o
w
th
 
o
f x
D
SL
 
w
ill
 
be
 
u
se
d 
to
 
pr
o
jec
t t
he
 
de
m
an
d 
fo
r 
ho
m
e 
da
ta
 
n
et
w
o
rk
in
g.
 
 
6.
5 
Su
m
m
a
ry
 
Th
e 
co
n
ce
pt
u
al
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is
 
pr
o
v
id
es
 
th
e 
fra
m
ew
o
rk
 
fo
r 
v
al
u
in
g 
th
e 
pr
o
jec
t 
(im
pl
em
en
tin
g 
sp
ec
tru
m
 
co
m
m
o
n
s) 
at
 
th
e 
fir
st
 
an
d 
th
e 
w
ho
le
 
ec
o
n
o
m
y 
le
v
el
.
 
Th
e 
fin
an
ci
al
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
is 
u
se
d 
to
 
fin
d 
th
e 
v
al
u
e 
at
 
fir
m
 
le
v
el
,
 
w
hi
ch
 
is 
o
n
e 
pa
rt
 
o
f 
th
e 
ec
o
n
o
m
ic
 
be
n
ef
its
 
an
d 
co
st
s 
in
 
th
e 
w
ho
le
 
ec
o
n
o
m
y.
 
Th
e 
en
gi
n
ee
rin
g 
v
al
u
e 
ca
n
 
al
so
 
be
 
u
se
d 
to
 
v
al
u
e 
th
e 
co
st
 
re
du
ct
io
n
 
at
 
fir
m
 
le
v
el
.
 
Th
e 
st
u
dy
 
o
f 
th
e 
v
al
u
at
io
n
 
o
f 
u
n
lic
en
se
d 
ap
pl
ic
at
io
n
 
in
 
th
e 
U
n
ite
d 
K
in
gd
o
m
 
pr
o
v
id
es
 
th
e 
pr
ac
tic
al
 
pr
o
ce
du
re
s 
to
 
fin
d 
th
e 
v
al
u
at
io
n
 
o
f u
n
lic
en
se
d 
ap
pl
ic
at
io
n
.
 
Th
e 
su
gg
es
tio
n
 
o
f a
 
v
al
u
at
io
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
ha
s 
be
en
 
id
en
tif
ie
d 
in
 
th
e 
pu
bl
ic
 
ac
ce
ss
 
W
i-F
i a
n
d 
W
i-F
i r
o
u
te
rs
 
at
 
ho
m
e 
as
 
th
e 
in
iti
al
 
st
ag
e.
 
Th
e 
po
ss
ib
le
 
be
n
ef
its
 
an
d 
co
st
s 
o
f W
i-F
i o
pe
ra
to
rs
 
an
d 
ho
m
e 
da
ta
 
n
et
w
o
rk
in
g 
ar
e 
sp
ec
ifi
ed
 
in
 
Ta
bl
e 
24
,
 
re
sp
o
n
di
n
g 
to
 
R
Q.
4.
 
82
 
-
Th
is 
pa
ge
 
in
te
n
tio
n
al
ly
 
le
ft 
bl
an
k-
 
83
 
C
ha
pt
er
 
7 
Fi
n
di
n
gs
 
a
n
d 
fu
tu
re
 
re
se
a
rc
h 
Th
e 
pu
rp
o
se
 
o
f 
th
is 
lic
en
tia
te
 
th
es
is 
is 
to
 
ex
am
in
e 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ap
pr
o
ac
h 
to
 
sp
ec
tr
u
m
 
as
sig
n
m
en
t. 
Th
e 
ex
am
in
ed
 
ca
se
 
is 
Th
ai
la
n
d.
 
Th
e 
m
ai
n
 
re
se
ar
ch
 
qu
es
tio
n
 
is:
 
“
W
ha
t 
a
re
 
th
e 
co
n
se
qu
en
ce
s 
o
f u
sin
g 
sp
ec
tr
u
m
 
co
m
m
on
s 
fo
r 
fr
eq
u
en
cy
 
a
ss
ig
n
m
en
t i
n
 
T
ha
ila
n
d?
”
 
 
To
 
ap
pr
o
ac
h 
th
e 
m
ai
n
 
re
se
ar
ch
 
qu
es
tio
n
 
–
 
W
ha
t a
re
 
th
e 
co
n
se
qu
en
ce
s 
o
f u
sin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
fo
r 
sp
ec
tr
u
m
 
as
sig
n
m
en
t i
n
 
Th
ai
la
n
d?
 
–
 
th
is
 
th
es
is 
ad
dr
es
se
s 
fiv
e 
re
se
ar
ch
 
qu
es
tio
n
s:
 
R
Q.
1 
W
ha
t i
s 
a
 
su
ita
bl
e 
fra
m
ew
o
rk
 
for
 
a
n
a
ly
zin
g 
di
ffe
re
n
t t
yp
es
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s?
 
R
Q.
2 
W
ha
t t
yp
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
ha
s 
be
en
 
u
se
d 
in
 
Th
a
ila
n
d?
 
R
Q.
3 
W
ha
t a
re
 
th
e 
a
dv
a
n
ta
ge
s 
a
n
d 
di
sa
dv
a
n
ta
ge
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
in
 
ge
n
e
ra
l?
 
R
Q.
4 
 
H
o
w
 
ca
n
 
be
n
efi
ts
 
a
n
d 
co
st
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
be
 
m
ea
su
re
d?
 
R
Q.
5 
 
W
ha
t a
re
 
th
e 
im
pl
ic
a
tio
n
s 
o
f im
pl
em
en
tin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
a
ila
n
d?
 
R
Q.
1 
lo
o
ks
 
at
 
fin
di
n
g 
a 
fra
m
ew
o
rk
 
to
 
an
al
yz
e 
di
ffe
re
n
t t
yp
es
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s.
 
Th
re
e 
ec
o
n
o
m
ic
 
in
st
itu
tio
n
s 
fro
m
 
K
ise
r 
an
d 
O
st
ro
m
 
(19
82
) a
n
d 
Fi
el
d 
(19
92
) a
re
 
ad
o
pt
ed
.
 
Th
e 
fiv
e 
rig
ht
s 
o
f 
th
e 
pr
o
pe
rt
y 
re
gi
m
e 
by
 
Sc
hl
ag
er
 
an
d 
O
st
ro
m
 
(19
92
) i
s 
al
so
 
ad
o
pt
ed
 
in
 
th
is 
th
es
is 
to
 
fin
d 
th
e 
in
te
ra
ct
io
n
 
be
tw
ee
n
 
th
e 
la
ye
r 
o
f 
th
e 
de
ci
sio
n
-
m
ak
er
 
an
d 
th
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
.
 
Th
e 
co
m
pa
ris
o
n
 
be
tw
ee
n
 
pr
o
pe
rt
y 
rig
ht
s 
re
gi
m
es
 
an
d 
n
at
u
ra
l r
es
o
u
rc
es
 
in
 
th
e 
M
ai
n
e 
lo
bs
te
r 
in
du
st
ry
 
ad
dr
es
se
s 
th
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
.
 
R
Q.
2 
lo
o
ks
 
at
 
th
e 
u
se
 
o
f t
he
 
fra
m
ew
o
rk
 
de
v
el
o
pe
d 
in
 
R
Q.
1 
to
 
u
n
de
rs
ta
n
d 
th
e 
in
st
itu
tio
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
an
d 
its
 
ap
pl
ic
at
io
n
 
to
 
Th
ai
la
n
d.
 
Th
e 
ex
pl
o
ra
tio
n
 
o
f t
he
 
hi
st
o
ry
 
o
f s
pe
ct
ru
m
 
as
sig
n
m
en
t a
lso
 
he
lp
s 
th
e 
u
n
de
rs
ta
n
di
n
g 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
an
d 
th
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
 
in
 
Th
ai
la
n
d.
 
R
Q.
3 
lo
o
ks
 
at
 
th
e 
ad
v
an
ta
ge
s 
an
d 
di
sa
dv
an
ta
ge
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
fro
m
 
th
e 
pu
bl
ic
 
co
n
su
lta
tio
n
 
o
f 
th
e 
R
ad
io
 
Sp
ec
tr
u
m
 
Po
lic
y 
G
ro
u
p 
(R
SP
G
) i
n
 
N
o
v
em
be
r 
20
08
 
in
 
th
e 
Eu
ro
pe
an
 
U
n
io
n
 
to
 
o
bt
ai
n
 
th
e 
cu
rr
en
t t
ho
u
gh
ts
 
o
f s
ta
ke
ho
ld
er
s 
re
ga
rd
in
g 
th
e 
u
se
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s.
 
 
R
Q.
4 
is 
th
e 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is
 
o
f 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
co
n
ce
pt
 
fro
m
 
Ca
m
pb
el
l a
n
d 
Br
o
w
n
 
(20
03
), 
In
de
pe
n
 
(20
06
), 
an
d 
Sw
ee
t 
et
 
al
.
 
(20
02
) a
s 
th
e 
fra
m
ew
o
rk
 
to
 
m
ea
su
re
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d.
 
Ca
m
pb
el
l a
n
d 
Br
o
w
n
 
(20
03
) p
ro
v
id
e 
th
e 
fra
m
ew
o
rk
 
o
f t
he
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
in
 
te
rm
s 
o
f t
he
 
u
n
de
rt
ak
en
 
pr
o
jec
t o
r 
n
o
t. 
Th
e 
co
m
pa
ris
o
n
 
be
tw
ee
n
 
th
e 
cu
rr
en
t 
v
al
u
es
 
o
f w
he
th
er
 
to
 
u
n
de
rt
ak
e 
th
e 
pr
o
jec
t 
o
r 
n
o
t 
pr
o
v
id
es
 
th
e 
de
ci
sio
n
-
m
ak
er
 
w
ith
 
im
po
rt
an
t 
in
fo
rm
at
io
n
.
 
Th
e 
v
al
u
es
 
w
ith
o
u
t 
u
n
de
rt
ak
in
g 
pr
o
jec
t 
m
ea
su
re
s 
ar
e 
o
bt
ai
n
ed
 
fro
m
 
th
e 
sa
m
e 
al
lo
ca
tio
n
 
re
so
u
rc
e 
to
 
al
te
rn
at
iv
e 
u
se
s.
 
In
de
pe
n
 
(20
06
) p
ro
v
id
es
 
a 
pr
ac
tic
al
 
m
et
ho
d 
to
 
m
ea
su
re
 
th
e 
u
n
lic
en
se
d 
ap
pl
ic
at
io
n
 
in
 
th
e 
U
n
ite
d 
K
in
gd
o
m
 
in
 
20
06
.
 
In
de
pe
n
 
(20
06
) s
el
ec
te
d 
th
e 
te
n
 
m
o
st
 
im
po
rt
an
t 
ap
pl
ic
at
io
n
s 
am
o
n
g 
a 
hu
n
dr
ed
 
ap
pl
ic
at
io
n
s 
o
f u
n
lic
en
se
d 
de
v
ic
es
.
 
Sw
ee
t e
t a
l. 
(20
02
) p
ro
v
id
e 
th
e 
v
al
u
at
io
n
 
o
f t
he
 
sp
ec
tr
u
m
 
u
sin
g 
th
e 
en
gi
n
ee
rin
g 
v
al
u
e 
–
 
co
st
 
sa
v
in
g 
in
 
th
e 
in
fra
st
ru
ct
u
re
 
o
f t
he
 
n
et
w
o
rk
 
o
pe
ra
to
r.
 
Th
e 
ad
jus
te
d 
fra
m
ew
o
rk
 
o
f 
Ca
m
pb
el
l 
an
d 
Br
o
w
n
 
(20
03
), 
In
de
pe
n
 
(20
06
), 
an
d 
Sw
ee
t 
et
 
al
.
 
(20
02
) a
dd
re
ss
es
 
ho
w
 
to
 
v
al
u
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d.
 
Th
e 
fin
di
n
g 
is 
a 
fra
m
ew
o
rk
 
to
 
ev
al
u
at
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d 
in
 
te
rm
s 
o
f t
he
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is
.
 
R
Q.
5 
co
v
er
s 
th
e 
im
pl
ic
at
io
n
s 
o
f i
m
pl
em
en
tin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d.
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Th
e 
fiv
e 
re
se
ar
ch
 
qu
es
tio
n
s 
ar
e 
in
te
n
de
d 
to
 
co
n
tr
ib
u
te
 
to
 
in
cr
ea
se
d 
u
n
de
rs
ta
n
di
n
g 
o
f 
u
sin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
an
d 
co
n
tr
ib
u
te
 
to
 
th
e 
ef
fe
ct
iv
en
es
s 
o
f u
sin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d.
 
Th
e 
su
m
m
ar
y 
o
f t
he
se
 
fin
di
n
gs
 
ar
e 
as
 
fo
llo
w
s:
 
1) 
Th
e 
ec
o
n
o
m
ic
 
in
st
itu
tio
n
 
o
r 
th
re
e 
w
o
rld
s 
o
f a
ct
io
n
 
pr
o
v
id
e 
th
re
e 
la
ye
rs
 
o
f 
an
al
ys
is
: 
co
n
st
itu
tio
n
al
 
ch
o
ic
e,
 
co
lle
ct
iv
e 
ch
o
ic
e,
 
an
d 
o
pe
ra
tio
n
al
 
le
v
el
.
 
Th
is 
fra
m
ew
o
rk
 
pr
o
v
id
es
 
an
 
u
n
de
rs
ta
n
di
n
g 
o
f 
th
e 
de
ci
sio
n
-
m
ak
er
 
an
d 
th
e 
de
ci
sio
n
 
sit
u
at
io
n
 
w
ith
in
 
an
d 
be
tw
ee
n
 
la
ye
rs
.
 
M
o
re
o
v
er
,
 
th
e 
pr
o
pe
rt
y 
rig
ht
s 
re
gi
m
e 
an
d 
n
at
u
ra
l r
es
o
u
rc
e 
o
f t
he
 
M
ai
n
 
lo
bs
te
r 
in
du
st
ry
 
pr
o
v
id
es
 
th
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
: 
ac
ce
ss
,
 
w
ith
dr
aw
al
,
 
m
an
ag
em
en
t, 
ex
cl
u
sio
n
, 
an
d 
al
ie
n
at
io
n
 
rig
ht
s.
 
2) 
Th
e 
fra
m
ew
o
rk
s 
fro
m
 
R
Q.
1 
pr
o
v
id
e 
rig
ht
s 
to
 
u
se
 
fre
qu
en
cy
 
in
 
Th
ai
la
n
d.
 
Th
re
e 
ty
pe
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
ha
v
e 
be
en
 
u
se
d 
in
 
Th
ai
la
n
d:
 
pu
bl
ic
 
co
m
m
o
n
s,
 
pr
iv
at
e 
co
m
m
o
n
s,
 
an
d 
u
n
lic
en
se
d.
 
Th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ha
s 
n
o
n
-
ex
cl
u
siv
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
.
 
Th
e 
re
gu
la
te
d 
le
v
el
 
o
f 
th
e 
n
et
w
o
rk
 
pr
o
v
id
es
 
th
e 
di
ffe
re
n
t 
ty
pe
s 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
If 
th
e 
st
at
e 
ag
en
cy
 
m
an
ag
es
 
th
e 
n
et
w
o
rk
,
 
it 
is 
pu
bl
ic
 
co
m
m
o
n
s.
 
If 
th
e 
pr
iv
at
e 
en
tit
ie
s 
m
an
ag
e 
th
e 
n
et
w
o
rk
,
 
it 
is 
pr
iv
at
e 
co
m
m
o
n
s.
 
If 
th
e 
en
d-
u
se
rs
 
m
an
ag
e 
th
e 
n
et
w
o
rk
 
by
 
th
em
se
lv
es
,
 
it 
is 
u
n
lic
en
se
d.
 
Th
e 
th
es
is 
pr
o
v
id
es
 
an
 
o
v
er
v
ie
w
 
o
f t
he
 
sp
ec
tru
m
 
as
sig
n
m
en
t i
n
st
itu
tio
n
 
in
 
Th
ai
la
n
d.
 
3) 
Th
e 
ad
v
an
ta
ge
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
ar
e 
lo
w
er
in
g 
ba
rr
ie
rs
 
to
 
en
tr
y 
fo
r 
n
ew
co
m
er
s,
 
lo
w
er
in
g 
th
e 
ad
m
in
ist
ra
tio
n
 
co
st
s 
fo
r 
th
e 
re
gu
la
to
r,
 
cr
ea
tin
g 
in
n
o
v
at
io
n
 
fo
r 
th
e 
in
n
o
v
at
o
r,
 
an
d 
st
im
u
la
tin
g 
de
m
an
d.
 
Th
e 
di
sa
dv
an
ta
ge
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
is 
irr
ev
er
sib
ili
ty
 
af
te
r 
sp
ec
tru
m
 
as
sig
n
m
en
t. 
4) 
Th
e 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
pr
o
v
id
es
 
th
e 
fra
m
ew
o
rk
 
to
 
v
al
u
e 
th
e 
sp
ec
tr
u
m
.
 
Th
e 
2.
4 
G
H
z 
ba
n
d 
is 
th
e 
sp
ec
ifi
ed
 
fre
qu
en
cy
 
fo
r 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
ap
pl
ic
at
io
n
s 
o
f t
he
 
2.
4 
G
H
z 
ba
n
ds
 
ar
e 
pu
bl
ic
 
W
i-F
i 
o
pe
ra
to
rs
 
an
d 
ho
m
e 
da
ta
 
n
et
w
o
rk
in
g.
 
Th
e 
v
al
u
at
io
n
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ca
n
 
be
 
u
se
d 
as
 
im
po
rt
an
t i
n
fo
rm
at
io
n
 
fo
r 
re
gu
la
to
rs
 
to
 
de
ci
de
 
w
he
th
er
 
to
 
lic
en
se
 
o
r 
u
n
lic
en
se
 
sp
ec
tr
u
m
.
 
5) 
Th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ha
s 
po
te
n
tia
l 
to
 
in
cr
ea
se
 
sp
ec
tr
u
m
 
u
sa
ge
 
m
o
re
 
ef
fic
ie
n
tly
 
by
 
al
lo
w
in
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
to
 
be
 
co
-
lo
ca
te
d 
w
ith
 
ex
ist
in
g 
se
rv
ic
es
.
 
Th
e 
re
se
ar
ch
 
pr
o
bl
em
 
is
 
di
v
id
ed
 
in
to
 
th
re
e 
pa
rt
s:
 
co
n
ce
pt
u
al
,
 
em
pi
ric
al
, 
an
d 
an
al
yt
ic
al
 
pa
rt
s.
 
Th
e 
co
n
ce
pt
u
al
 
pa
rt
 
de
al
s 
w
ith
 
th
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
 
an
d 
ex
am
in
es
 
th
e 
fra
m
ew
o
rk
 
as
so
ci
at
ed
 
w
ith
 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
em
pi
ric
al
 
pa
rt
 
ga
th
er
s 
fro
m
 
hi
st
o
ry
 
an
d 
pu
bl
ic
 
co
n
su
lta
tio
n
 
to
 
ex
pl
o
re
 
th
e 
ty
pe
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d 
an
d 
th
e 
ad
v
an
ta
ge
s 
an
d 
di
sa
dv
an
ta
ge
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
fro
m
 
th
e 
pu
bl
ic
 
co
n
su
lta
tio
n
 
o
n
 
sp
ec
tru
m
 
co
m
m
o
n
s 
in
 
th
e 
co
n
te
x
t 
o
f 
Eu
ro
pe
an
 
co
u
n
tr
ie
s.
 
Th
e 
an
al
yt
ic
al
 
pa
rt
 
is 
to
 
u
se
 
th
e 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
co
n
ce
pt
 
o
n
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d.
 
 
7.
1 
Fi
n
di
n
gs
 
RQ
.
1 
W
ha
t i
s 
a
 
su
ita
bl
e
 
fra
m
e
w
o
rk
 
for
 
a
n
a
ly
zin
g 
di
ffe
re
n
t t
yp
es
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s?
 
Th
e 
ec
o
n
o
m
ic
s 
in
st
itu
tio
n
 
an
d 
th
re
e 
w
o
rld
s 
o
f 
ac
tio
n
 
fro
m
 
Sc
hl
ag
er
 
an
d 
O
st
ro
m
 
(19
92
) p
ro
v
id
e 
th
e 
le
v
el
 
o
f a
n
al
ys
is 
fo
r 
th
e 
de
ci
sio
n
-
m
ak
er
 
an
d 
de
ci
sio
n
 
sit
u
at
io
n
.
 
Th
e 
pr
o
pe
rt
y 
rig
ht
s 
re
gi
m
e 
an
d 
n
at
u
ra
l 
re
so
u
rc
e 
in
 
th
e 
M
ai
n
e 
lo
bs
te
r 
in
du
st
ry
 
fro
m
 
K
ise
r 
an
d 
O
st
ro
m
 
(19
82
) a
lso
 
pr
o
v
id
es
 
th
e 
rig
ht
 
to
 
u
se
 
th
e 
co
m
m
o
n
 
po
o
l r
es
o
u
rc
e.
 
Th
es
e 
tw
o
 
co
n
ce
pt
s 
pr
o
v
id
e 
a 
fra
m
ew
o
rk
 
to
 
an
al
yz
e 
th
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
c
y 
in
 
Th
ai
la
n
d.
 
Th
e 
ch
ro
n
o
lo
gy
 
o
f e
v
en
ts
 
o
f s
pe
ct
ru
m
 
m
an
ag
em
en
t i
n
 
Th
ai
la
n
d 
pr
o
v
id
es
 
ev
id
en
ce
 
o
f t
he
 
rig
ht
s 
to
 
fre
qu
en
cy
 
u
se
.
 
Th
e 
re
su
lt 
is 
pr
o
v
id
ed
 
in
 
Ta
bl
e 
25
.
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T
a
bl
e 
25
.
 
B
u
n
dl
es
 
o
f r
ig
ht
s 
as
so
ci
at
ed
 
w
ith
 
te
le
co
m
m
u
n
ic
at
io
n
 
st
ak
eh
o
ld
er
s 
(cf
.
 
Ta
bl
e 
12
) 
St
a
ke
ho
ld
er
s 
R
ig
ht
s 
R
eg
u
la
to
r 
O
pe
ra
to
r 
A
 
O
pe
ra
to
r 
B 
A
dv
a
n
ce
d 
u
se
r 
G
en
er
a
l u
se
r 
A
cc
es
s 
a
n
d 
W
ith
dr
a
w
a
l 
x
 
x
 
x
 
x
 
x
 
M
a
n
a
ge
m
en
t 
x
 
x
 
x
 
 
 
E
x
cl
u
sio
n
 
x
 
x
 
x
 
x
 
 
A
lie
n
a
tio
n
 
x
 
x
 
 
 
 
A
ss
ig
n
m
en
t a
pp
ro
a
ch
 
 
M
ar
ke
t-
ba
se
d 
Co
m
m
an
d-
an
d-
co
n
tr
o
l 
Sp
ec
tr
u
m
 
co
m
m
o
n
s 
Sp
ec
tr
u
m
 
co
m
m
o
n
s 
Th
e 
m
ar
ke
t-
ba
se
d 
ap
pr
o
ac
h 
ha
s 
al
l 
th
e 
rig
ht
s 
to
 
u
se
 
fre
qu
en
cy
,
 
in
cl
u
di
n
g 
ac
ce
ss
 
an
d 
w
ith
dr
aw
al
,
 
m
an
ag
em
en
t, 
ex
cl
u
sio
n
,
 
an
d 
al
ie
n
at
io
n
 
rig
ht
s 
(i.
e.
,
 
se
lli
n
g 
o
r 
le
as
in
g 
fre
qu
en
c
y).
 
Co
m
m
an
d-
an
d-
co
n
tr
o
l 
do
es
 
n
o
t 
ha
v
e 
an
 
al
ie
n
at
io
n
 
rig
ht
 
ho
w
ev
er
.
 
Th
e 
co
m
m
an
d-
an
d-
co
n
tro
l 
an
d 
m
ar
ke
t-b
as
ed
 
ap
pr
o
ac
he
s 
bo
th
 
gr
an
t t
he
 
ex
cl
u
si
v
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
 
to
 
lic
en
se
es
.
 
Sp
ec
tr
u
m
 
co
m
m
o
n
s 
do
es
 
n
o
t 
ha
v
e 
an
 
ex
cl
u
siv
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
 
ho
w
ev
er
.
 
Th
er
e 
ar
e 
tw
o
 
ty
pe
s 
o
f u
se
rs
 
in
 
sp
ec
tr
u
m
 
co
m
m
o
n
s,
 
i.e
.
,
 
ge
n
er
al
 
an
d 
ad
v
an
ce
d 
u
se
rs
.
 
Th
es
e 
u
se
rs
 
ha
v
e 
ac
ce
ss
 
an
d 
w
ith
dr
aw
al
 
rig
ht
s 
be
ca
u
se
 
o
f 
th
e 
ch
ar
ac
te
ris
tic
s 
o
f 
tr
an
sc
ei
v
er
s.
 
Th
e 
tr
an
sc
ei
v
er
s 
ar
e 
sp
ec
ifi
ed
 
to
 
ac
ce
ss
 
an
d 
u
se
 
th
e 
fre
qu
en
cy
 
at
 
th
e 
sa
m
e 
tim
e.
 
O
n
ly
 
th
e 
ad
v
an
ce
d 
u
se
rs
 
ha
v
e 
th
e 
ad
di
tio
n
al
 
ex
cl
u
sio
n
 
rig
ht
 
to
 
de
te
rm
in
e 
w
ho
 
ca
n
 
u
se
 
th
ei
r 
n
et
w
o
rk
 
by
 
se
tti
n
g 
pa
ss
w
o
rd
s 
o
r 
en
cr
yp
tio
n
 
co
de
.
 
RQ
.
2 
W
ha
t t
yp
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
ha
s 
be
en
 
u
se
d 
in
 
Th
a
ila
n
d?
 
Th
e 
ty
pe
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
th
at
 
ha
s 
be
en
 
u
se
d 
in
 
Th
ai
la
n
d 
is 
ad
dr
es
se
d.
 
U
sin
g 
th
e 
ca
te
go
ry
 
o
f t
he
 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
 
fro
m
 
Ta
bl
e 
25
 
pr
o
v
id
es
 
th
e 
re
gu
la
te
d 
le
v
el
 
o
f 
th
e 
re
gu
la
to
r.
 
M
o
re
o
v
er
,
 
th
e 
ex
cl
u
siv
ity
 
o
f 
u
sin
g 
fre
qu
en
cy
 
pr
o
v
id
es
 
ex
cl
u
siv
e 
an
d 
n
o
n
-
ex
cl
u
siv
e 
u
se
 
in
 
o
rd
er
 
to
 
se
pa
ra
te
 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
fro
m
 
th
e 
co
m
m
an
d-
an
d-
co
n
tr
o
l a
n
d 
m
ar
ke
t-b
as
ed
 
ap
pr
o
ac
h.
 
Th
e 
ty
pe
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
is 
pr
o
v
id
ed
 
in
 
Ta
bl
e 
26
.
 
T
a
bl
e 
26
.
 
Th
e 
rig
ht
s 
to
 
u
se
 
fr
eq
u
en
cy
 
(cf
.
 
Ta
bl
e 
13
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pr
o
pe
rt
y 
ri
gh
t 
R
eg
u
la
te
d 
le
v
el
 
E
x
cl
u
siv
e 
u
se
 
N
o
n
-
ex
cl
u
siv
e 
u
se
 
C
en
tr
a
liz
ed
 
by
 
re
gu
la
to
r 
/ s
ta
te
 
a
ge
n
cy
 
Co
m
m
an
d-
an
d-
co
n
tr
o
l 
Pu
bl
ic
 
co
m
m
o
n
s 
M
id
dl
em
a
n
/o
pe
ra
to
r 
M
ar
ke
t-
ba
se
d 
Pr
iv
at
e 
co
m
m
o
n
s 
Se
lf-
re
gu
la
te
d/
u
se
r 
-
 
U
n
lic
en
se
d 
Th
er
e 
ar
e 
th
re
e 
ty
pe
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s,
 
i.e
.
,
 
pu
bl
ic
 
co
m
m
o
n
s,
 
pr
iv
at
e 
co
m
m
o
n
s,
 
an
d 
u
n
lic
en
se
d.
 
R
eg
u
la
to
rs
 
de
le
ga
te
 
so
m
e 
rig
ht
s 
to
 
lic
en
se
es
 
to
 
m
an
ag
e 
th
ei
r 
n
et
w
o
rk
.
 
Th
es
e 
re
pr
es
en
t 
th
e 
re
gu
la
te
d 
le
v
el
.
 
If 
th
e 
st
at
e 
ag
en
cy
 
is 
in
 
ch
ar
ge
 
o
f 
n
et
w
o
rk
 
m
an
ag
em
en
t, 
it 
is 
ca
lle
d 
pu
bl
ic
 
co
m
m
o
n
s.
 
Fo
r 
ex
am
pl
e,
 
th
e 
lo
ca
l m
u
n
ic
ip
al
iti
es
 
ha
v
e 
th
ei
r 
W
i-F
i n
et
w
o
rk
 
fo
r 
th
ei
r 
co
m
m
u
n
ity
.
 
If 
th
e 
pr
iv
at
e 
en
tit
ie
s 
m
an
ag
e 
th
ei
r 
n
et
w
o
rk
 
fo
r 
co
m
m
er
ci
al
 
se
rv
ic
e,
 
it 
is
 
ca
lle
d 
pr
iv
at
e 
co
m
m
o
n
s,
 
su
ch
 
as
 
th
e 
pu
bl
ic
 
W
i-F
i 
ho
ts
po
ts
 
in
 
ho
te
ls,
 
ai
rp
o
rt
s,
 
de
pa
rt
m
en
t s
to
re
s,
 
et
c.
 
If 
th
e 
en
d-
u
se
rs
 
ha
v
e 
to
 
m
an
ag
e 
by
 
th
em
se
lv
es
,
 
it 
is 
ca
lle
d 
u
n
lic
en
se
d.
 
Th
e 
hi
st
o
ry
 
an
d 
de
v
el
o
pm
en
t 
o
f 
th
e 
sp
ec
tr
u
m
 
m
an
ag
em
en
t 
in
st
itu
tio
n
 
in
 
Th
ai
la
n
d 
al
so
 
pr
o
v
id
es
 
an
 
o
rig
in
al
 
w
o
rk
 
th
at
 
n
ar
ra
te
s 
im
po
rt
an
t 
ev
en
ts
 
co
n
ce
rn
in
g 
sp
ec
tr
u
m
 
m
an
ag
em
en
t, 
es
pe
ci
al
ly
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d.
 
Th
er
e 
ar
e 
tw
o
 
st
ep
s 
to
 
im
pl
em
en
tin
g 
sp
ec
tru
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d:
 
1) 
th
e 
au
th
o
riz
at
io
n
 
o
f t
he
 
u
se
 
o
f d
ev
ic
es
 
an
d 
2) 
th
e 
ex
em
pt
io
n
 
o
f r
el
ev
an
t r
ad
io
co
m
m
u
n
ic
at
io
n
 
lic
en
ce
s.
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RQ
.
3 
W
ha
t a
re
 
th
e 
a
dv
a
n
ta
ge
s 
a
n
d 
di
sa
dv
a
n
ta
ge
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
in
 
ge
n
er
a
l?
 
Th
e 
ad
v
an
ta
ge
s 
an
d 
di
sa
dv
an
ta
ge
s 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ar
e 
pr
o
v
id
ed
 
fro
m
 
th
e 
an
al
ys
is 
o
f 
pu
bl
ic
 
co
n
su
lta
tio
n
 
in
 
Eu
ro
pe
 
by
 
th
e 
R
SP
G 
an
d 
re
le
v
an
t 
lit
er
at
u
re
.
 
Fi
gu
re
 
14
 
sh
o
w
s 
th
e 
ad
v
an
ta
ge
s 
an
d 
di
sa
dv
an
ta
ge
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
w
ith
 
th
e 
re
le
v
an
t s
ta
ke
ho
ld
er
s.
 
 
Fi
gu
re
 
14
.
 
St
ak
eh
o
ld
er
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
(cf
.
 
Fi
gu
re
 
9) 
A
dv
an
ta
ge
s 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
cl
u
de
 
lo
w
er
in
g 
ba
rr
ie
rs
 
to
 
en
tr
y,
 
lo
w
er
in
g 
th
e 
ad
m
in
ist
ra
tio
n
 
co
st
s,
 
cr
ea
tin
g 
in
n
o
v
at
io
n
, 
an
d 
st
im
u
la
tin
g 
de
m
an
d.
 
O
n
 
th
e 
o
th
er
 
ha
n
d,
 
th
e 
m
ai
n
 
di
sa
dv
an
ta
ge
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
is 
irr
ev
er
sib
ili
ty
 
af
te
r 
sp
ec
tr
u
m
 
as
sig
n
m
en
t. 
To
 
de
te
rm
in
e 
th
e 
n
et
 
be
n
ef
it 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s,
 
a 
co
m
pa
ris
o
n
 
o
f 
th
e 
ad
v
an
ta
ge
s 
an
d 
di
sa
dv
an
ta
ge
s 
is 
re
qu
ire
d.
 
M
o
st
 
di
sa
dv
an
ta
ge
s 
ca
n
 
be
 
so
lv
ed
 
by
 
th
e 
de
v
el
o
pm
en
t o
f n
ew
 
te
ch
n
o
lo
gy
 
an
d 
a 
re
le
v
an
t s
ta
n
da
rd
 
o
f d
ev
ic
es
,
 
ex
ce
pt
 
irr
ev
er
sib
ili
ty
,
 
o
n
ce
 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ha
s 
be
en
 
as
sig
n
ed
 
to
 
pu
bl
ic
 
u
se
.
 
 
RQ
.
4 
H
o
w
 
ca
n
 
th
e 
be
n
e
fits
 
a
n
d 
co
st
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
be
 
m
ea
su
re
d?
 
Th
e 
co
n
ce
pt
 
o
f t
he
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
fo
r 
th
e 
ap
pr
ai
sa
l p
ro
jec
t t
o
 
u
n
de
rt
ak
e 
o
r 
n
o
t i
s 
th
e 
o
u
tli
n
e 
to
 
v
al
u
e 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
ef
fic
ie
n
cy
 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
ca
pt
u
re
s 
th
e 
fin
an
ci
al
 
be
n
ef
its
 
an
d 
co
st
s 
at
 
fir
m
 
le
v
el
 
pl
u
s 
th
e 
v
al
u
e 
o
r 
be
n
ef
its
 
an
d 
co
st
s 
o
f 
al
l m
em
be
rs
 
in
 
so
ci
et
y 
fro
m
 
im
pl
em
en
tin
g 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
co
st
 
sa
v
in
g 
fro
m
 
th
e 
en
gi
n
ee
rin
g 
v
al
u
e 
co
n
tr
ib
u
te
s 
to
 
th
e 
v
al
u
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
as
 
be
n
ef
its
 
fo
r 
bo
th
 
th
e 
fir
m
 
an
d 
so
ci
et
y.
 
Th
e 
pr
o
ce
du
re
 
to
 
m
ea
su
re
 
th
e 
be
n
ef
its
 
an
d 
co
st
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
be
gi
n
s 
w
ith
 
th
e 
id
en
tif
ic
at
io
n
 
o
f 
th
e 
o
pe
ra
tin
g 
fre
qu
en
cy
 
an
d 
ap
pl
ic
at
io
n
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
st
ak
eh
o
ld
er
s 
o
f 
sp
ec
ifi
ed
 
ap
pl
ic
at
io
n
s 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ha
v
e 
be
en
 
ex
pl
o
re
d.
 
Th
e 
lim
ita
tio
n
 
o
f 
st
ak
eh
o
ld
er
s 
at
 
th
e 
in
iti
al
 
st
ag
e 
sh
o
u
ld
 
be
 
co
n
sid
er
ed
 
in
 
o
rd
er
 
to
 
lim
it 
th
e 
sc
o
pe
 
o
f 
v
al
u
at
io
n
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
ca
te
go
rie
s 
o
f 
be
n
ef
its
 
an
d 
co
st
s 
o
f 
th
e 
ap
pl
ic
at
io
n
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
ha
v
e 
be
en
 
id
en
tif
ie
d.
 
D
at
a 
co
lle
ct
io
n
 
fro
m
 
th
e 
id
en
tif
ie
d 
be
n
ef
its
 
an
d 
co
st
s 
sh
o
u
ld
 
be
 
pu
rs
u
ed
 
in
 
o
rd
er
 
to
 
ca
lc
u
la
te
 
th
e 
v
al
u
e 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
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In
 
th
is 
th
es
is,
 
th
e 
2.
4 
G
H
z 
ba
n
d 
ha
s 
be
en
 
id
en
tif
ie
d 
as
 
th
e 
o
pe
ra
tin
g 
fre
qu
en
cy
.
 
Th
e 
pu
bl
ic
 
W
i-F
i 
ro
u
te
rs
 
an
d 
ho
m
e 
da
ta
 
w
o
rk
in
g 
(ho
m
e 
W
i-F
i r
o
u
te
rs
) a
re
 
th
e 
ta
rg
et
 
o
f t
he
 
v
al
u
at
io
n
 
o
f t
he
 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
po
ss
ib
le
 
be
n
ef
its
 
o
f 
th
e 
pu
bl
ic
 
W
i-F
i o
pe
ra
to
r 
ar
e 
re
v
en
u
e,
 
co
st
 
sa
v
in
g 
fro
m
 
w
iri
n
g,
 
an
d 
lic
en
se
 
ex
em
pt
io
n
.
 
Th
e 
po
ss
ib
le
 
co
st
s 
o
f 
th
e 
pu
bl
ic
 
W
i-F
i 
o
pe
ra
to
r 
ar
e 
w
ire
le
ss
 
ro
u
te
rs
,
 
in
st
al
la
tio
n
 
an
d 
m
ai
n
te
n
an
ce
 
co
st
s,
 
In
te
rn
et
 
co
n
n
ec
tio
n
,
 
an
d 
th
e 
IS
P 
lic
en
se
 
fe
e.
 
Th
e 
po
ss
ib
le
 
be
n
ef
its
 
o
f h
o
m
e 
da
ta
 
n
et
w
o
rk
in
g 
ar
e 
co
st
 
sa
v
in
gs
 
fo
rm
 
w
iri
n
g,
 
lic
en
ce
 
ex
em
pt
io
n
,
 
an
d 
in
cr
ea
sin
g 
fle
x
ib
ili
ty
.
 
Th
e 
po
ss
ib
le
 
co
st
 
is 
th
e 
w
ire
le
ss
 
ro
u
te
r.
 
RQ
.
5 
W
ha
t a
re
 
th
e 
im
pl
ic
a
tio
n
s 
o
f im
pl
e
m
en
tin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
a
ila
n
d?
 
Th
e 
fra
m
ew
o
rk
s 
in
 
Ch
ap
te
r 
2 
an
d 
R
Q.
1 
(th
re
e 
w
o
rld
s 
o
f a
ct
io
n
,
 
an
d 
pr
o
pe
rt
y 
rig
ht
s 
re
gi
m
e 
an
d 
n
at
u
ra
l 
re
so
u
rc
e) 
pr
o
v
id
e 
th
e 
an
al
ys
is 
o
f 
ex
cl
u
siv
e 
an
d 
n
o
n
-
ex
cl
u
siv
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
.
 
Th
e 
ex
cl
u
siv
e 
u
se
 
o
f f
re
qu
en
cy
 
by
 
a 
co
m
m
an
d-
an
d-
co
n
tr
o
l o
r 
m
ar
ke
t-b
as
ed
 
ap
pr
o
ac
h 
ha
s 
lim
ite
d 
th
e 
u
se
 
o
f s
pe
ct
ru
m
 
to
 
th
e 
as
sig
n
ee
s 
o
r 
w
in
n
in
g 
bi
dd
er
s.
 
Th
ey
 
so
m
et
im
es
 
do
 
n
o
t 
o
cc
u
py
 
th
e 
sp
ec
tr
u
m
.
 
Th
e 
fra
m
ew
o
rk
 
o
f 
n
o
n
-
ex
cl
u
si
v
e 
u
se
 
o
f f
re
qu
en
cy
 
is
 
in
tr
o
du
ce
d 
in
 
sp
ec
tr
u
m
 
co
m
m
o
n
s,
 
w
hi
le
 
n
o
 
o
n
e 
o
w
n
s 
th
e 
fre
qu
en
cy
 
o
r 
ha
s 
an
 
ex
cl
u
siv
e 
rig
ht
 
to
 
u
se
 
fre
qu
en
cy
.
 
U
se
rs
 
m
u
st
 
sh
ar
e 
fre
qu
en
cy
 
an
d 
ac
ce
pt
 
in
te
rfe
re
n
ce
.
 
Th
e 
n
o
n
-
ex
cl
u
si
v
ity
 
in
cr
ea
se
s 
th
e 
n
u
m
be
r 
o
f 
u
se
rs
 
an
d 
th
e 
ef
fic
ie
n
cy
 
u
n
til
 
th
e 
m
ax
im
u
m
 
ca
pa
ci
ty
 
is
 
re
ac
he
d.
 
M
o
re
o
v
er
,
 
th
re
e 
ty
pe
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
ha
v
e 
be
en
 
u
se
d 
in
 
Th
ai
la
n
d 
in
 
Ch
ap
te
r 
4 
o
r 
R
Q.
2 
(pu
bl
ic
 
co
m
m
o
n
s,
 
pr
iv
at
e 
co
m
m
o
n
s,
 
an
d 
u
n
lic
en
se
d).
 
Th
ey
 
pr
o
v
id
e 
th
e 
cu
rr
en
t s
ta
tu
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d.
 
Th
es
e 
th
re
e 
ty
pe
s 
al
so
 
ap
pe
ar
 
in
 
o
th
er
 
co
u
n
tr
ie
s 
th
at
 
ha
v
e 
a 
si
m
ila
r 
sit
u
at
io
n
.
 
R
eg
u
la
to
rs
 
sh
o
u
ld
 
u
se
 
th
es
e 
fin
di
n
gs
 
fo
r 
fu
rth
er
 
co
n
sid
er
at
io
n
 
o
f u
sin
g 
sp
ec
tru
m
 
co
m
m
o
n
s 
to
 
in
cr
ea
se
 
sp
ec
tr
u
m
 
ef
fic
ie
n
cy
 
in
 
te
rm
s 
o
f u
til
iz
at
io
n
 
o
f f
re
qu
en
cy
 
an
d 
di
st
rib
u
tio
n
 
o
f f
re
qu
en
cy
 
u
se
rs
.
 
Th
e 
pu
bl
ic
 
co
n
su
lta
tio
n
 
o
f 
R
SP
G
 
in
 
N
o
v
em
be
r 
20
08
 
in
 
Ch
ap
te
r 
5 
o
r 
R
Q.
3 
pr
o
v
id
es
 
th
e 
ad
v
an
ta
ge
s 
an
d 
di
sa
dv
an
ta
ge
s 
in
 
a 
Eu
ro
pe
an
 
co
n
te
x
t. 
M
o
st
 
o
f 
th
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
fre
qu
en
cy
 
is 
w
o
rld
w
id
e 
al
lo
ca
tio
n
 
ho
w
ev
er
.
 
Th
e 
st
ak
eh
o
ld
er
s 
ar
e 
al
so
 
m
o
st
 
pr
o
ba
bl
y 
th
e 
sa
m
e.
 
Th
e 
fin
di
n
gs
 
o
f a
dv
an
ta
ge
s 
an
d 
di
sa
dv
an
ta
ge
s 
at
 
hi
gh
 
le
v
el
 
sh
o
u
ld
 
n
o
t 
be
 
di
ffe
re
n
t. 
Th
er
e 
m
ay
 
be
 
a 
sli
gh
t 
de
v
ia
tio
n
 
in
 
th
e 
lo
ca
l 
co
n
te
x
t. 
R
eg
u
la
to
rs
 
sh
o
u
ld
 
co
n
du
ct
 
a 
sim
ila
r 
pu
bl
ic
 
co
n
su
lta
tio
n
 
to
 
id
en
tif
y 
th
e 
ad
v
an
ta
ge
s 
an
d 
di
sa
dv
an
ta
ge
s 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
in
 
th
ei
r 
co
n
te
x
t t
o
 
ad
jus
t t
o
 
th
ei
r 
en
v
iro
n
m
en
t. 
Th
e 
re
gu
la
to
r 
m
a
y 
co
n
sid
er
 
ad
di
n
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
to
 
o
th
er
 
fre
qu
en
cy
 
ba
n
ds
,
 
im
po
se
 
po
w
er
 
lim
ita
tio
n
,
 
an
d 
sp
ec
ify
 
fre
qu
en
cy
 
as
 
n
ec
es
sa
ry
 
co
n
st
ra
in
ts
.
 
Th
es
e 
co
n
st
ra
in
ts
 
ha
v
e 
a 
hi
gh
 
po
te
n
tia
l t
o
 
at
tr
ac
t 
in
n
o
v
at
io
n
.
 
Th
e 
m
ar
ke
t 
w
ill
 
se
le
ct
 
se
rv
ic
es
 
an
d 
ap
pl
ic
at
io
n
s 
fre
el
y 
u
n
de
r 
th
e 
co
n
st
ra
in
t 
to
 
re
sp
o
n
d 
to
 
de
m
an
d.
 
Th
e 
lo
w
 
en
tr
y 
ba
rr
ie
r 
m
ak
es
 
sp
ec
tr
u
m
 
ea
sie
r 
to
 
ac
ce
ss
 
an
d 
en
co
u
ra
ge
s 
co
m
pe
tit
io
n
 
in
 
th
e 
m
ar
ke
t. 
Th
e 
en
d-
u
se
r 
w
ill
 
ha
v
e 
be
tte
r 
qu
al
ity
 
o
f s
er
v
ic
e 
an
d 
lo
w
er
 
pr
ic
es
.
 
 
Th
e 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
to
 
v
al
u
e 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Ch
ap
te
r 
6 
o
r 
R
Q.
4 
pr
o
v
id
es
 
th
e 
fra
m
ew
o
rk
 
to
 
m
ea
su
re
 
th
e 
v
al
u
e 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s.
 
Th
e 
re
su
lt 
o
f 
th
e 
v
al
u
at
io
n
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
de
pe
n
ds
 
o
n
 
th
e 
av
ai
la
bi
lit
y 
o
f d
at
a 
co
lle
ct
io
n
 
an
d 
v
ar
ie
s 
fro
m
 
co
u
n
tr
y 
to
 
co
u
n
tr
y.
 
R
eg
u
la
to
rs
 
sh
o
u
ld
 
u
se
 
th
e 
v
al
u
e 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
as
 
im
po
rt
an
t i
n
fo
rm
at
io
n
 
o
n
 
w
he
th
er
 
to
 
lic
en
se
 
o
r 
u
n
lic
en
se
d 
sp
ec
tru
m
.
 
Th
e 
v
al
u
e 
o
f s
pe
ct
ru
m
 
w
ill
 
re
fle
ct
 
th
e 
be
st
 
u
til
iz
at
io
n
 
o
f s
pe
ct
ru
m
.
 
G
re
at
er
 
u
se
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
o
f 
fre
qu
en
cy
 
as
sig
n
m
en
t 
w
ill
 
in
cr
ea
se
 
sp
ec
tr
u
m
 
ef
fic
ie
n
cy
 
in
 
te
rm
s 
o
f 
th
e 
n
u
m
be
r 
o
f f
re
qu
en
cy
 
u
se
rs
 
an
d 
th
e 
sp
ec
tr
u
m
 
u
til
iz
at
io
n
.
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Th
e 
re
gu
la
to
r 
sh
o
u
ld
 
co
n
sid
er
 
th
e 
lo
ss
 
o
f 
th
e 
fre
qu
en
cy
 
u
sa
ge
 
fe
e 
th
ro
u
gh
 
n
o
n
-
ex
cl
u
siv
e 
rig
ht
 
as
 
in
co
m
e 
lo
ss
.
 
O
n
 
th
e 
o
th
er
 
ha
n
d,
 
th
e 
o
pe
ra
to
r 
an
d 
en
d-
u
se
rs
 
ga
in
 
th
e 
be
n
ef
it 
o
f 
n
o
t 
pa
yi
n
g 
th
e 
fre
qu
en
cy
 
u
sa
ge
 
fe
e.
 
Th
e 
be
n
ef
its
 
to
 
so
ci
et
y 
m
ay
 
be
 
gr
ea
te
r 
th
an
 
th
e 
lo
st
 
in
co
m
e 
o
f t
he
 
re
gu
la
to
r.
 
7.
2 
G
en
er
a
liz
a
bi
lit
y:
 
Ca
n
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
be
 
a
pp
lie
d 
in
 
o
th
er
 
co
u
n
tr
ie
s?
 
Le
ar
n
in
g 
to
 
u
se
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d 
pr
o
v
id
es
 
in
fo
rm
at
io
n
 
to
 
re
gu
la
to
rs
 
in
 
o
th
er
 
co
u
n
tr
ie
s 
th
at
 
ha
v
e 
a 
si
m
ila
r 
u
se
 
o
f s
pe
ct
ru
m
 
in
 
th
e 
sa
m
e 
o
r 
o
th
er
 
re
gi
o
n
s.
 
Th
e 
u
se
 
o
f t
he
 
IS
M
 
ba
n
d 
in
 
fo
o
tn
o
te
s 
5.
13
8 
an
d 
5.
15
0 
is
 
th
e 
st
ar
tin
g 
po
in
t 
to
 
co
n
sid
er
in
g 
th
e 
u
se
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
in
 
th
ei
r 
co
u
n
tr
ie
s.
 
Th
e 
w
o
rld
w
id
e 
fre
qu
en
cy
 
al
lo
ca
tio
n
 
w
ill
 
su
pp
o
rt
 
th
e 
u
se
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
te
rm
s 
o
f 
th
e 
av
ai
la
bl
e 
st
an
da
rd
 
an
d 
de
v
ic
es
.
 
Th
e 
be
n
ef
it 
an
d 
co
st
 
an
al
ys
is 
o
ffe
rs
 
th
e 
v
al
u
at
io
n
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
as
 
an
 
in
di
ca
to
r 
fo
r 
th
e 
re
gu
la
to
r 
to
 
de
ci
de
 
w
he
th
er
 
to
 
lic
en
se
 
o
r 
u
n
lic
en
se
d 
sp
ec
tr
u
m
.
 
Th
e 
v
al
u
e 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
de
pe
n
ds
 
o
n
 
th
e 
n
u
m
be
r 
o
f a
pp
lic
at
io
n
s.
 
Th
is 
st
u
dy
 
o
f t
he
 
v
al
u
at
io
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
m
ay
 
se
rv
e 
as
 
an
 
ex
am
pl
e 
to
 
co
n
sid
er
in
g 
th
e 
u
se
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
o
th
er
 
co
u
n
tr
ie
s.
 
Th
e 
R
SP
G
 
pu
bl
ic
 
co
n
su
lta
tio
n
 
in
 
th
e 
Eu
ro
pe
an
 
co
u
n
tr
ie
s 
pr
o
v
id
es
 
th
e 
pe
rs
pe
ct
iv
e 
o
f 
re
le
v
an
t 
st
ak
eh
o
ld
er
s.
 
Th
e 
co
n
te
x
t 
ca
n
 
be
 
ge
n
er
al
iz
ed
 
if 
th
e 
be
ha
v
io
r 
o
f 
st
ak
eh
o
ld
er
s 
is 
sim
ila
r 
to
 
o
th
er
 
co
n
te
x
ts
,
 
su
ch
 
as
 
th
e 
be
ha
v
io
r 
o
f 
in
cu
m
be
n
ts
,
 
m
an
u
fa
ct
u
re
rs
,
 
en
d-
u
se
rs
,
 
an
d 
re
gu
la
to
rs
 
in
 
Th
ai
la
n
d.
 
Th
er
e 
m
ay
 
be
 
so
m
e 
ex
te
n
t o
f s
im
ila
rit
y.
 
Th
e 
pu
bl
ic
 
co
n
su
lta
tio
n
 
in
 
Th
ai
la
n
d 
w
ill
 
he
lp
 
ad
jus
t a
n
d 
fo
rm
 
a 
pr
ec
ise
 
pe
rs
pe
ct
iv
e 
o
n
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
th
e 
Th
ai
 
co
n
te
x
t h
o
w
ev
er
.
 
7.
3 
Fu
tu
re
 
re
se
a
rc
h 
Th
e 
po
ss
ib
le
 
o
u
tc
o
m
e 
o
f i
m
pl
em
en
tin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
in
 
Th
ai
la
n
d 
ca
n
 
be
 
m
ea
su
re
d 
in
 
te
rm
s 
o
f 
th
e 
v
al
u
at
io
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
fro
m
 
th
e 
pe
rs
pe
ct
iv
e 
o
f t
he
 
re
gu
la
to
r.
 
Th
e 
v
al
u
at
io
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
pr
o
v
id
es
 
im
po
rt
an
t 
in
fo
rm
at
io
n
 
o
n
 
w
he
th
er
 
to
 
lic
en
se
 
o
r 
u
n
lic
en
se
d 
sp
ec
tr
u
m
.
 
Th
e 
o
th
er
 
po
ss
ib
le
 
o
u
tc
o
m
es
 
fo
r 
im
pl
em
en
tin
g 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
sh
o
u
ld
 
be
 
in
v
es
tig
at
ed
 
fu
rt
he
r 
fo
r 
o
th
er
 
st
ak
eh
o
ld
er
s,
 
ap
pl
ic
at
io
n
s,
 
an
d 
fre
qu
en
ci
es
.
 
Th
e 
su
gg
es
tio
n
 
in
 
th
is 
th
es
is 
is 
lim
ite
d 
to
 
pu
bl
ic
 
ac
ce
ss
 
W
i-F
i a
n
d 
ho
m
e 
W
i-F
i r
o
u
te
rs
 
in
 
th
e 
2.
4 
G
H
z 
ba
n
d.
 
Th
er
e 
ar
e 
o
n
ly
 
tw
o
 
st
ak
eh
o
ld
er
s 
in
 
th
is 
th
es
is,
 
i.e
.
,
 
pu
bl
ic
 
W
i-F
i o
pe
ra
to
rs
 
an
d 
en
d-
u
se
rs
.
 
Th
e 
po
ss
ib
le
 
ex
te
n
sio
n
s 
o
f o
th
er
 
fre
qu
en
ci
es
,
 
su
ch
 
as
 
W
iM
ax
 
o
r 
o
th
er
 
st
ak
eh
o
ld
er
s 
su
ch
 
as
 
m
an
u
fa
ct
u
re
rs
 
o
r 
in
n
o
v
at
o
rs
,
 
sh
o
u
ld
 
be
 
co
n
sid
er
ed
 
in
 
fu
tu
re
 
re
se
ar
ch
.
 
Fu
rt
he
r 
ex
pl
o
ra
tio
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
th
eo
ry
 
m
a
y 
be
 
a 
po
ss
ib
ili
ty
 
fo
r 
fu
tu
re
 
re
se
ar
ch
.
 
A
 
de
ep
er
,
 
m
et
at
he
o
re
tic
al
 
ex
pl
o
ra
tio
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
w
o
u
ld
 
be
 
po
ss
ib
le
 
to
 
ga
in
 
a 
de
ep
er
 
u
n
de
rs
ta
n
di
n
g 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
th
eo
ry
.
 
D
ee
pe
r 
o
r 
w
id
er
 
ex
pl
o
ra
tio
n
 
o
f 
th
e 
so
ci
al
 
be
n
ef
its
 
o
f 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
sh
o
u
ld
 
be
 
co
n
sid
er
ed
 
as
 
fu
tu
re
 
re
se
ar
ch
 
to
 
fin
d 
th
e 
co
n
tr
ib
u
tio
n
 
o
f s
pe
ct
ru
m
 
co
m
m
o
n
s 
to
 
o
th
er
 
ar
ea
s 
in
 
so
ci
et
y.
 
Fo
r 
ex
am
pl
e:
 
Co
u
ld
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
co
n
tr
ib
u
te
 
to
 
th
e 
w
ea
lth
 
o
f a
 
co
u
n
tr
y?
 
Co
u
ld
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
im
pr
o
v
e 
th
e 
o
v
er
al
l e
ffi
ci
en
cy
 
o
f s
pe
ct
ru
m
? C
o
u
ld
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
he
lp
 
to
 
im
pr
o
v
e 
so
ci
et
y?
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R
ef
er
en
ce
s 
A
ch
es
o
n
,
 
J. 
M
.
 
(19
75
). T
he
 
lo
bs
te
r 
fie
fs
: 
Ec
o
n
o
m
ic
s 
an
d 
ec
o
lo
gi
ca
l e
ffe
ct
s 
o
f t
er
rit
o
ria
lit
y 
in
 
th
e 
m
ai
n
e 
lo
bs
te
r 
in
du
st
ry
.
 
H
u
m
a
n
 
Ec
o
lo
gy
,
 
3(3
), 1
83
-
20
7.
 
 
A
rd
-
pa
ru
,
 
N
.
 
(20
10
). H
is
to
ry
 
a
n
d 
de
ve
lo
pm
en
t o
f s
pe
ct
ru
m
 
po
lic
y 
in
st
itu
tio
n
 
in
 
Th
a
ila
n
d.
 
Pa
pe
r 
pr
es
en
te
d 
at
 
th
e 
se
co
n
d 
re
gi
o
n
 
8 
IE
EE
 
co
n
fe
re
n
ce
 
o
n
 
th
e 
hi
st
o
ry
 
o
f t
el
ec
o
m
m
u
n
ic
at
io
n
s 
he
ld
 
in
 
M
ad
rid
,
 
Sp
ai
n
,
 
3-
5 
N
o
v
em
be
r,
 
20
10
.
 
A
rd
-
pa
ru
,
 
N
.
,
 
&
 
Bo
hl
in
, 
E.
 
(20
09
). C
o
lle
ct
iv
e
 
u
se
 
o
f s
pe
ct
ru
m
 
-
pr
o
s 
a
n
d 
co
n
s.
 
Pa
pe
r 
pr
es
en
te
d 
at
 
th
e 
go
o
d,
 
th
e 
ba
d 
an
d 
th
e 
ch
al
le
n
gi
n
g 
he
ld
 
in
 
Co
pe
n
ha
ge
n
,
 
D
en
m
ar
k,
 
13
-
15
 
M
ay
 
20
09
.
 
Be
n
kl
er
,
 
Y
.
 
(19
98
). O
v
er
co
m
in
g 
ag
o
ra
ph
o
bi
a:
 
Bu
ild
in
g 
th
e 
co
m
m
o
n
s 
o
f t
he
 
di
gi
ta
lly
 
n
et
w
o
rk
ed
 
en
v
iro
n
m
en
t. 
H
a
rv
a
rd
 
Jo
u
rn
a
l o
f L
a
w
 
&
 
Te
ch
n
o
lo
gy
,
 
11
(2)
,
 
28
7-
40
0.
 
 
Be
n
kl
er
,
 
Y
.
 
(20
06
). T
he
 
w
ea
lth
 
o
f n
et
w
o
rk
s:
 
H
o
w
 
so
ci
a
l p
ro
du
ct
io
n
 
tr
a
n
sfo
rm
s 
m
a
rk
et
s 
a
n
d 
fre
ed
o
m
.
 
N
ew
 
H
av
en
 
an
d 
Lo
n
do
n
: 
Y
al
e 
U
n
iv
er
sit
y 
Pr
es
s.
 
B
re
n
n
an
,
 
Ti
m
o
th
y 
J. 
(19
98
). T
he
 
sp
ec
tru
m
 
as
 
co
m
m
o
n
s:
 
To
m
o
rr
o
w
's
 
v
isi
o
n
,
 
n
o
t t
o
da
y's
 
pr
es
cr
ip
tio
n
.
 
Th
e 
Jo
u
rn
a
l o
f L
a
w
 
a
n
d 
Ec
o
n
o
m
ic
s,
 
41
(s2
), 7
91
-
80
4.
 
 
B
ry
m
an
,
 
A
.
,
 
&
 
Be
ll,
 
E.
 
(20
07
). B
u
sin
es
s 
re
se
a
rc
h 
m
et
ho
ds
 
(2n
d 
ed
.
). N
ew
 
Y
o
rk
: 
O
x
fo
rd
 
U
n
iv
er
sit
y 
Pr
es
s.
 
Ca
m
pb
el
l, 
H
.
 
F.
,
 
&
 
Br
o
w
n
,
 
R
.
 
P.
 
C.
 
(20
03
). B
en
efi
t-
co
st
 
a
n
a
ly
si
s:
 
Fi
n
a
n
ci
a
l a
n
d 
ec
o
n
o
m
ic
 
a
pp
ra
is
a
l 
u
sin
g 
sp
re
a
ds
he
et
s.
 
N
ew
 
Y
o
rk
: 
Ca
m
br
id
ge
 
U
n
iv
er
si
ty
 
Pr
es
s.
 
Ca
v
e 
M
.
,
 
D
.
,
 
C,
 
W
eb
b,
 
W
.
 
(20
07
). E
ss
en
tia
l o
f m
o
de
rn
 
sp
ec
tr
u
m
 
m
a
n
a
ge
m
en
t. 
Ca
m
br
id
ge
: 
Ca
m
br
id
ge
 
U
n
iv
er
sit
y 
Pr
es
s.
 
Ce
lin
e,
 
G
.
 
(20
08
). M
ee
tin
g 
th
e 
te
st
in
g 
ch
al
le
n
ge
s 
o
f e
m
er
gi
n
g 
W
i-F
i e
n
ab
le
d 
de
v
ic
es
.
 
Co
n
for
m
ity
 
(Ja
n
u
ar
y),
 
32
-
37
.
 
 
Ch
ad
u
c 
J.-
M
.
,
 
&
 
Po
go
re
l, 
G
.
 
(20
08
). T
he
 
ra
di
o
 
sp
ec
tr
u
m
: 
M
a
n
a
gi
n
g 
a
 
st
ra
te
gi
c 
re
so
u
rc
e.
 
Lo
n
do
n
: 
W
is
le
y.
 
Fa
u
lh
ab
er
,
 
G
.
 
R
.
 
(20
06
). T
he
 
fu
tu
re
 
o
f w
ire
le
ss
 
te
le
co
m
m
u
n
ic
at
io
n
s:
 
Sp
ec
tr
u
m
 
as
 
a 
cr
iti
ca
l r
es
o
u
rc
e.
 
In
for
m
a
tio
n
 
Ec
o
n
o
m
ic
s 
a
n
d 
Po
lic
y,
 
18
(3)
,
 
25
6-
27
1.
 
 
Fa
u
lh
ab
er
,
 
G
.
 
R
.
,
 
&
 
Fa
rb
er
,
 
D
.
 
J. 
(20
02
). S
pe
ct
ru
m
 
m
a
n
a
ge
m
en
t:
 
Pr
o
pe
rt
y 
ri
gh
ts
,
 
m
a
rk
e
ts
,
 
a
n
d 
th
e 
co
m
m
o
n
s.
 
A
EI
-
B
ro
o
ki
n
gs
 
Jo
in
t C
en
te
r 
fo
r 
re
gu
la
rt
o
ry
 
st
u
di
es
.
 
Fi
el
d,
 
B.
 
C.
 
(19
92
). G
o
v
er
n
in
g 
th
e 
co
m
m
o
n
s:
 
Th
e 
ev
o
lu
tio
n
 
o
f i
n
st
itu
tio
n
 
fo
r 
co
lle
ct
iv
e 
ac
tio
n
.
 
La
n
d 
Ec
o
n
o
m
ic
s,
 
68
(3)
,
 
35
4-
35
7.
 
 
Fl
ic
k,
 
U
.
 
(20
09
). A
n
 
in
tr
o
du
ct
io
n
 
to
 
qu
a
lit
a
tiv
e 
re
se
a
rc
h 
(4t
h 
ed
.
). L
o
n
do
n
: 
SA
G
E.
 
G
ei
ss
,
 
A
.
 
(20
04
). E
C 
is
su
es
 
o
f s
pe
c
tr
u
m
 
po
lic
y 
re
le
va
n
t t
o
 
th
e 
ci
vi
l/m
ili
ta
ry
 
re
la
tio
n
sh
ip
 
[P
o
w
er
 
Po
in
t 
sli
de
s].
 
Eu
ro
pe
an
 
Co
m
m
iss
io
n
,
 
D
G
 
In
fo
rm
at
io
n
 
So
ci
et
y 
R
ad
io
 
Sp
ec
tr
u
m
 
Po
lic
y,
 
B4
.
 
R
et
re
iv
ed
 
fro
m
 
ht
tp
://
po
w
er
sh
o
w
.
co
m
/v
ie
w
1/
89
e0
6-
N
D
M
3Z
/E
C_
Is
su
es
_
o
f_
Sp
ec
tru
m
_
Po
lic
y_
R
el
ev
an
t_
to
_
th
e_
Ci
v
ilM
ili
ta
ry
_
R
el
at
io
n
sh
ip
_
po
w
e
rp
o
in
t_
pp
t_
pr
es
en
ta
tio
n
 
90
 
G
ro
ss
in
ge
r,
 
R
.
 
(19
75
). T
he
 
st
ra
te
gy
 
a
n
d 
id
eo
lo
gy
 
o
f lo
bs
te
rfi
sh
in
g 
o
n
 
th
e 
ba
ck
 
sid
e
 
o
f m
o
u
n
t d
es
er
t 
is
la
n
d,
 
H
a
n
co
c
k c
o
n
tr
y,
 
M
a
in
e.
 
M
ic
hi
ga
n
: 
U
n
iv
er
sit
y 
o
f M
ic
hi
ga
n
.
 
 
 
 
H
ar
di
n
,
 
G
.
 
(19
68
). T
he
 
tr
ag
ed
y 
o
f t
he
 
co
m
m
o
n
s.
 
SC
IE
NC
E,
 
16
2(3
85
9),
 
12
43
-
12
48
.
 
 
H
az
le
tt,
 
T.
 
W
.
 
(19
98
). S
pe
ct
ru
m
 
fla
sh
 
da
n
ce
: 
El
i N
o
am
's
 
pr
o
po
sa
l f
o
r 
“
O
pe
n
 
A
cc
es
s”
 
to
 
ra
di
o
 
w
av
es
.
 
Th
e 
Jo
u
rn
a
l o
f L
a
w
 
a
n
d 
Ec
o
n
o
m
ic
s,
 
41
(s2
), 8
05
-
82
0.
 
 
H
el
le
r,
 
M
.
 
A
.
 
(19
98
). T
he
 
tr
ag
ed
y 
o
f t
he
 
an
tic
o
m
m
o
n
s:
 
Pr
o
pe
rt
y 
in
 
th
e 
tr
an
sit
io
n
 
fro
m
 
m
ar
k 
to
 
m
ar
ke
ts
.
 
H
a
rv
a
rd
 
La
w
 
Re
vi
ew
,
 
11
1(3
), 6
21
-
68
8.
 
 
H
el
le
r,
 
M
.
 
A
.
 
(19
99
). T
he
 
bo
u
n
da
rie
s 
o
f p
riv
at
e 
pr
o
pe
rt
y.
 
Ya
le
 
La
w
 
Re
vi
ew
,
 
10
8,
 
11
63
-
12
23
.
 
 
In
de
pe
n
.
 
(20
06
). T
he
 
ec
o
n
o
m
ic
 
va
lu
e 
o
f li
ce
n
ce
 
ex
em
pt
 
sp
ec
tr
u
m
: 
A 
fin
a
l r
ep
o
rt
 
to
 
O
fco
m
 
fro
m
 
In
de
pe
n
.
 
A
eg
is 
an
d 
O
v
u
m
.
 
 
R
et
rie
v
ed
 
fro
m
 
ht
tp
://
w
w
w
.
o
fc
o
m
.
o
rg
.
u
k/
re
se
ar
ch
/te
ch
n
o
lo
gy
/re
se
ar
ch
/e
x
em
pt
/e
co
n
as
se
ss
/ 
IT
U
.
 
(18
83
). T
he
 
re
gi
st
ra
tio
n
 
le
tte
r 
o
f M
a
y 
29
,
 
18
83
.
 
In
te
rn
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
 
U
n
io
n
,
 
G
en
ev
a,
 
Sw
itz
er
la
n
d.
 
IT
U
.
 
(19
06
). T
he
 
In
te
rn
a
tio
n
a
l T
el
eg
ra
ph
 
Co
n
ve
n
tio
n
.
 
In
te
rn
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
 
U
n
io
n
,
 
Be
rli
n
,
 
G
er
m
an
y.
 
IT
U
.
 
(19
12
). T
he
 
In
te
rn
a
tio
n
a
l T
el
eg
ra
ph
 
Co
n
ve
n
tio
n
.
 
In
te
rn
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
 
U
n
io
n
.
 
Lo
n
do
n
,
 
U
n
ite
d 
K
in
gd
o
m
.
 
IT
U
.
 
(20
05
). H
a
n
db
o
o
k n
a
tio
n
a
l s
pe
ct
ru
m
 
m
a
n
a
ge
m
en
t. 
In
te
rn
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
 
U
n
io
n
,
 
G
en
ev
a,
 
Sw
itz
er
la
n
d.
 
IT
U
.
 
(20
08
). R
a
di
o
 
Re
gu
la
tio
n
s.
 
In
te
rn
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
 
U
n
io
n
,
 
G
en
ev
a,
 
Sw
itz
er
la
n
d.
 
IT
U
.
 
(20
09
). R
ep
o
rt
 
IT
U
-
R 
SM
.
21
52
: 
D
efi
n
iti
o
n
s 
o
f s
o
ftw
a
re
 
de
fin
ed
 
ra
di
o
 
(SD
R)
 
a
n
d 
co
gn
iti
ve
 
ra
di
o
 
sy
st
em
 
(C
RS
). 
In
te
rn
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
 
U
n
io
n
,
 
G
en
ev
a,
 
Sw
itz
er
la
n
d.
 
K
ise
r,
 
L.
 
L.
,
 
&
 
O
st
ro
m
,
 
E.
 
(19
82
). T
he
 
th
re
e 
w
o
rld
s 
o
f a
ct
io
n
: 
A
 
m
et
at
he
o
re
tic
al
 
sy
n
th
es
is 
o
f 
in
st
itu
tio
n
al
 
ap
pr
o
ac
he
s.
 
In
 
E.
 
O
st
ro
m
 
(E
d.
), S
tr
a
te
gi
es
 
o
f p
o
lit
ic
a
l i
n
qu
ir
y 
(pp
.
 
17
9-
22
2).
 
Be
v
er
ly
 
H
ill
s:
 
Sa
ge
.
 
Le
e,
 
T.
 
W
.
 
(19
99
). U
sin
g 
qu
a
lit
a
tiv
e 
m
et
ho
ds
 
in
 
o
rg
a
n
iz
a
tio
n
a
l r
es
ea
rc
h.
 
Lo
n
do
n
: 
SA
G
E.
 
Le
hr
,
 
W
.
,
 
&
 
Cr
o
w
cr
o
ft,
 
J. 
(20
05
). M
a
n
a
gi
n
g 
sh
a
re
d 
a
cc
es
s 
to
 
a
 
sp
e
ct
ru
m
 
co
m
m
o
n
s.
 
Pa
pe
r 
pr
es
en
te
d 
at
 
th
e 
Fi
rs
t I
EE
E 
In
te
rn
at
io
n
al
 
Sy
m
po
siu
m
 
o
n
 
th
e 
N
ew
 
Fr
o
n
tie
rs
 
in
 
D
yn
am
ic
 
Sp
ec
tr
u
m
 
A
cc
es
s 
N
et
w
o
rk
s,
 
20
05
.
 
D
yS
PA
N
 
20
05
 
he
ld
 
in
 
Ba
lti
m
o
re
,
 
M
D
,
 
U
SA
,
 
8-
11
 
N
o
v
er
m
be
r 
20
05
.
 
M
ar
ks
,
 
P.
,
 
&
 
W
ill
ia
m
s,
 
B.
 
(20
07
). S
pe
ct
ru
m
 
al
lo
ca
tio
n
,
 
sp
ec
tr
u
m
 
co
m
m
o
n
s 
an
d 
pu
bl
ic
 
go
o
ds
: 
Th
e 
ro
le
 
o
f t
he
 
m
ar
ke
t. 
Co
m
m
u
n
ic
a
tio
n
s 
&
 
St
ra
te
gi
es
,
 
67
(3)
,
 
65
-
84
.
 
 
M
IC
T.
 
(20
04
). T
he
 
M
in
ist
er
ia
l R
eg
u
la
tio
n
 
o
f M
in
is
tr
y 
o
f In
for
m
a
tio
n
 
a
n
d 
Co
m
m
u
n
ic
a
tio
n
 
Te
ch
n
o
lo
gy
 
o
f th
e
 
ex
em
pt
io
n
 
o
f r
a
di
o
co
m
m
u
n
ic
a
tio
n
s 
lic
en
c
es
.
 
Th
e 
M
in
ist
ry
 
o
f I
n
fo
rm
at
io
n
 
an
d 
Co
m
m
u
n
ic
at
io
n
 
Te
ch
n
o
lo
gy
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
M
ile
s,
 
M
.
 
B.
,
 
&
 
H
u
be
rm
an
,
 
A
.
 
M
.
 
(19
94
). Q
u
a
lit
a
tiv
e 
da
ta
 
a
n
a
ly
si
s 
: 
An
 
ex
pa
n
de
d 
so
u
rc
eb
o
o
k 
(2n
d 
ed
.
). T
ho
u
sa
n
d 
O
ak
s,
 
CA
 
Sa
ge
.
 
91
 
M
O
T.
 
(19
93
). T
he
 
M
in
is
te
ria
l R
eg
u
la
tio
n
 
o
f M
in
is
tr
y 
o
f T
ra
n
sp
o
rt
 
No
.
 
24
.
 
Th
e 
M
in
ist
ry
 
o
f T
ra
n
sp
o
rt
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
M
O
T.
 
(19
98
). T
he
 
M
in
is
te
ria
l R
eg
u
la
tio
n
 
o
f M
in
is
tr
y 
o
f T
ra
n
sp
o
rt
 
No
.
 
28
.
 
Th
e 
M
in
ist
ry
 
o
f T
ra
n
sp
o
rt
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
M
O
T.
 
(20
01
). T
he
 
M
in
is
te
ria
l R
eg
u
la
tio
n
 
o
f M
in
is
tr
y 
o
f T
ra
n
sp
o
rt
 
No
.
 
30
.
 
Th
e 
M
in
ist
ry
 
o
f T
ra
n
sp
o
rt
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
N
o
am
,
 
E.
 
(19
98
). S
pe
ct
ru
m
 
au
ct
io
n
s:
 
Y
es
te
rd
ay
's
 
he
re
sy
,
 
to
da
y's
 
o
rt
ho
do
x
y,
 
to
m
o
rr
o
w
's
 
an
ac
hr
o
n
ism
.
 
Ta
ki
n
g 
th
e 
n
ex
t s
te
p 
to
 
o
pe
n
 
sp
ec
tru
m
 
ac
ce
ss
.
 
Th
e 
Jo
u
rn
a
l o
f L
a
w
 
a
n
d 
Ec
o
n
o
m
ic
s,
 
41
(s2
), 
76
5-
79
0.
 
 
N
o
am
,
 
E.
 
M
.
 
(19
95
). T
ak
in
g 
th
e 
n
ex
t s
te
p 
be
yo
n
d 
sp
ec
tr
u
m
 
au
ct
io
n
s:
 
O
pe
n
 
sp
ec
tr
u
m
 
ac
ce
ss
.
 
Co
m
m
u
n
ic
a
tio
n
s 
M
a
ga
zin
e,
 
IE
EE
,
 
33
(12
), 6
6-
73
.
 
 
N
TC
.
 
(20
05
a).
 
Th
e 
Na
tio
n
a
l T
el
e
co
m
m
u
n
ic
a
tio
n
s 
Co
m
m
is
sio
n
 
Re
gu
la
tio
n
 
o
f c
rit
er
ia
 
a
n
d 
pr
o
ce
du
re
 
for
 
in
te
rn
et
 
se
rv
ic
e 
lic
en
ce
 
a
pp
lic
a
tio
n
.
 
Th
e 
N
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
s 
Co
m
m
iss
io
n
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
N
TC
.
 
(20
05
b).
 
Th
e
 
N
a
tio
n
a
l T
el
ec
o
m
m
u
n
ic
a
tio
n
s 
Co
m
m
is
sio
n
 
Re
gu
la
tio
n
 
o
f fr
eq
u
en
cy
 
a
ss
ig
n
m
en
t 
cr
ite
rio
n
.
 
Th
e 
N
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
s 
Co
m
m
is
sio
n
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
N
TC
.
 
(20
05
c).
 
Th
e 
Na
tio
n
a
l T
el
e
co
m
m
u
n
ic
a
tio
n
s 
Co
m
m
is
sio
n
 
Re
gu
la
tio
n
 
o
f fr
eq
u
en
cy
 
a
ss
ig
n
m
en
t fo
r 
ex
pe
ri
m
en
t w
ith
 
te
m
po
ra
ry
 
u
se
.
 
Th
e 
N
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
s 
Co
m
m
iss
io
n
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
N
TC
.
 
(20
05
d).
 
Th
e
 
N
a
tio
n
a
l T
el
ec
o
m
m
u
n
ic
a
tio
n
s 
Co
m
m
is
sio
n
 
Re
gu
la
tio
n
 
o
f in
te
rr
im
 
pr
o
vi
si
o
n
 
o
f 
fre
qu
en
cy
 
a
ss
ig
n
m
en
t. 
Th
e 
N
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
s 
Co
m
m
iss
io
n
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
N
TC
.
 
(20
05
e).
 
Th
e 
Na
tio
n
a
l T
el
e
co
m
m
u
n
ic
a
tio
n
s 
Co
m
m
is
sio
n
 
Re
gu
la
tio
n
 
o
f n
a
tu
re
 
a
n
d 
ca
te
go
rie
s 
o
f 
te
le
co
m
m
u
n
ic
a
tio
n
 
bu
sin
es
s.
 
Th
e 
N
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
s 
Co
m
m
iss
io
n
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
N
TC
.
 
(20
07
a).
 
Th
e 
Na
tio
n
a
l T
el
e
co
m
m
u
n
ic
a
tio
n
s 
Co
m
m
is
sio
n
 
Re
gu
la
tio
n
 
o
f fr
eq
u
en
cy
 
tr
a
n
sfe
r.
 
 
Th
e 
N
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
s 
Co
m
m
is
sio
n
,
 
Ba
n
gk
o
k,
 
Th
ai
la
n
d.
 
N
TC
.
 
(20
07
b).
 
Th
e
 
N
a
tio
n
a
l T
el
ec
o
m
m
u
n
ic
a
tio
n
s 
Co
m
m
is
sio
n
 
Re
gu
la
tio
n
 
o
f s
ta
n
da
rd
 
o
f th
e
 
te
le
co
m
m
u
n
ic
a
tio
n
 
de
vi
ce
s 
for
 
ra
di
o
 
lo
ca
l a
re
a
 
n
et
w
o
rk
 
(R
LA
N
). 
Th
e 
N
at
io
n
al
 
Te
le
co
m
m
u
n
ic
at
io
n
s 
Co
m
m
iss
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